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MAINTENANCE OF PROFESSIONAL 
STANDARDS 


“HE ostensible theme of Viscount Samuel’s 
lecture* to the National Book League in November 
1948 was that the community could be more active 
now in enlarging leisure and the opportunities for its 
right use. During the year that has since passed, 
some of his observations have gained in force. Lord 
Samuel points to various factors which may lead the 
State to be concerned more actively with the question 
of leisure, and this moves him to indicate two dangers 
that attend State activity in the cultural field. The 
first of these is the obvious danger of direction when 
the State provides help. Generally, it may be said 
that the danger to freedom and voluntary effort in 
Great Britain is fully realized, and that many volun- 
tary organisations are being subsidized without being 
made subordinate. The second danger, that the 
advent of democracy and the substitution of public 
for private patronage may lead to a lowering of 
standards, is also real, and much that has happened 
in public life in recent months suggests that it is 
increasing. 

Lord Samuel recognizes that a democracy may be 
strong and eifective without being dull, that it may 
aim at a classless society and gradually establish it 
and yet, at the same time, carry forward and include 
within itself all that was fine in the old aristocracy 
the grace of culture and the beauty of art. Similarly, 
if modern democracy succeeds in finding and ad- 
vancing the best among the whole body of its mem- 
bers to be its own governors and leaders, and if it 
also brings the whole body to accept their standards 
of what is seemly and right to be done, then the 
modern democracy may itself become a new and 
nobler aristocracy. 

That is one side of the question of the preservation 
of standards. It must be remembered, however, that 
if standards in public life, in academic life or in 
cultural activities are being threatened, it becomes 
more difficult for talent and genius to emerge if those 
standards are once lowered. That is the funda- 
mental problem for a democratic State, and we have 
scarcely begun to explore the possibilities. It is not 
simply a matter of making it easier for men and 
women to enter on public service, to give of their 
leisure to the service of the State, whether in local 
government or at the centre. It is a matter of seeing 
that they are encouraged to maintain standards and, 
where conditions have changed, to establish new 
standards no less worthy than the old, although 
more appropriate to the conditions of to-day. 

We cannot, as Lord Samuel observes, escape de- 
pending on the individual as the ultimate arbiter 
of taste. The vast network of voluntary agencies 
that cater directly or indirectly for leisure, or that 
so often provide the growing points in social welfare, 
depends, too, on the action of the individual. If that 
duty is to be undertaken at all to-day, initiative and 
responsibility in forming and maintaining those 


* Leisure in a Democracy. By Viscount Samuel. (National Book 
League Sixth Annual Lecture.) Pp. 24. (London: Cambridge Univer- 
sity Press, 1949.) 2s. net. 
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agencies must be the function of the many in their 
part-time leisure, rather than of the few who had 
full-time leisure as in previous generations. 

We are here facing the essential problem of volun- 
tary action, and it must be recognized that there 
are two aspects: one concerned with organisation 
and one with individuals. Both aspects have to take 
sccount of the three great simultaneous transitions 
which, as Lord Samuel points out, characterize our 
own epoch : from intuition and guess-work to science ; 
from hand-labour to machinery; from the rule of 
the few to the rule of the many. Both aspects are 
interdependent : organisations cannot function effect- 
ively unless they are used by competent individuals ; 
and individuals may be ineffective if the organisations 
they attempt to use are imperfect or inappropriate 
for their purpose. 

Leaving for the moment the question of organisa- 
tion or structure of government, with the comment 
that a first condition is that administrative con- 
venience must not be allowed to over-ride personal 
freedom, it is worth while considering further what 
is involved in the maintenance of personal standards. 
Here Lord Justice Denning’s recent lectures under 
the Hamlyn Trust* are of outstanding importance. 
The first of his lectures followed closely the argument 
of a recent address by Mr. Dingle Foot, which pointed 
out how personal freedom is being invaded and how, 
under representative government, the rights of the 
individual are being endangered by departmental 
regulations in ways which would have been deemed 
incredible in the eighteenth century. Parliamentary 
control has been weakened by the practice of vesting 
control in boards, and the departmental regulations 
put administrative convenience before personal free- 
dom and the rights of individual citizens. Lord 
Justice Denning stressed the vital importance of this 
freedom under the law, and reviewed searchingly but 
temperately the dangers to which some of the prin- 
ciples of politics and law in Britain are now exposed. 
His comments on the changes in practice and out- 
look in such matters as proprietary rights point to 
the need for a closer understanding between the 
judges and a House of Commons which is itself 
imbued with the spirit of the common law, if the 
equilibrium on which the English political and legal 
system rests is to be upheld. Here again it is a ques- 
tion of standards. As personal freedom depends on 
the remedies for its enforcement, so also freedom of 
mind and conscience depends on the tribunals which 
decide on it. Like Lord Samuel, Lord Justice Denning 
believes the system of juries is sound and offers 
the best guarantee of freedoms, so long as the common 
law is on the whole in full accord with the good sense 
of the people, and jurors maintain the traditions and 
standards inherited from their fathers. He cited 
instances where juries had upheld the right to freedom 
of speech, and said that nothing is more important 
than that there should be an independent Press 
entitled to make any honest comment on a matter 
of public interest, whether it concerned politics, litera- 
ture, art, science or any other fie’d. The defence of 


* Freedom under the Law. By Lord Justice Denning. Pp. viii +126. 
(London: Stevens and Sons, Ltd., 1949.) &. net. 
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fair comment should be one of the most complic: ted 
and difficult defences to attack, and observations of 
the Attorney-General, Sir Hartley Shawcross, on ‘his 
point on November 29 are welcome and reassuriny. 

Lord Justice Denning thus insisted that the fun:a- 
mental safeguards in Britain to freedom of uttera ice 
and opinion, and to religious and racial freedom, 
have been established not so much by lawyers as 
by the common people. In the last resort, sich 
freedoms depend on the way in which the laws are 
administered, and in his final lecture he examined 
the way in which the increasing powers of the 
executive authorities touch the life of every citizen. 
Granted that private rights and interests—with which 
such powers interfere— must be subordinated to the 
public good, it is essential in a free country to strike 
@ just balance. 

Here again Lord Justice Denning held, however. 
that on the whole the executive authorities have used 
their drastic powers with moderation and restraint, 
and if the courts rigorously apply the principle that 
there must be a fair balance of public interest and 
private right, we may yet find in the courts protection 
against undue encroachment on private liberties. [t 
should be remembered, however, that the principles 
on which the new powers of the executive authorities 
are to be controlled have not yet been settled. The 
procedure for securing personal freedom is efficient, 
but not for preventing the abuse of power. The 
people’s representatives in Parliament cannot control 
the manifold activities of the State nor award dam. 
ages to those who are injured by any abuse. 

That is one of the greatest problems to be solved 
on the organisation or administrative side, and no 
more need be said here than that failure to solve it 
as Lord Justice Denning points out, will lead to the 
totalitarian and not to the welfare State. Funda- 
mentally, it is a question of ensuring that not even 
Departments of State are judges in their own cause, 
and that the concentration of power in the central 
executive does not lead to tyranny. It is equally a 
question of standards and of persons, and above al! 
of observance of the further principle that law and 
order rest on the assent of the governed. 

At least three recent episodes should demonstrate 
to scientific workers how closely they are concerned 
with this question of law and freedom, and the 
maintenance of standards. Remarks made by the 
American Ambassador, Mr. Lewis Douglas, in speak- 
ing at the Royal Society’s anniversary dinner on 
November 30, are disturbing and should cause some 
searching of heart. Mr. Douglas referred to the diffi- 
culty in preserving the free interchange of know- 
ledge when one of the important nations of the world 
refuses to reciprocate. The difficulty arises particu- 
larly in the matter of nuclear energy ; but the question 
of being generous in the free exchange of knowledge 
with that which might easily be turned against us is 
a special instance of the problem of toleration to- 
wards the intolerant. Even in the field of science, 
limits to the exchange of knowledge may be imposed 
by the intransigeance of those who place loyalty to a 
political creed or institution before loyalty to science 
and the search for truth. 
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The second and third illustrations are to be found 
in particular aspects of the use of the technical expert 
in the service of the State. One is provided by the 
report of the court of inquiry into the air disaster at 
Prestwick in October 1948. In his statement in the 
House of Lords on December 1, Lord Pakenham ex- 
plained his dissent from the finding of the report 
that a contributory cause of the disaster was a failure 
of individual members of the ground staff concerned 
properly to discharge their responsibilities. The 
manner in which he made known his dissent, and 
for which he has since apologized, is a minor matter ; 
but unfortunately Lord Pakenham, in his statement, 
showed no awareness of the wider issues. A quasi- 
judicial tribunal had been appointed by the Minister, 
with an eminent lawyer, Mr. T. P. McDonald, as 
president, and as a result of an inquiry and the hear- 
ing of evidence presented during some ten days, the 
court reached certain conclusions. The findings of 
the court are not, it is true, binding on the Minister, 
nor does the appointment of the court divest him of 
his final responsibility as a Minister and to Parlia- 
ment. It was not suggested either by Lord Paken- 
ham or in the House of Commons that any fresh 
evidence was available, and the Minister is clearly 
entitled to his own opinion on the evidence and the 
conclusions. What is of first importance is that in 
any such dissent there should be no disrespect to the 
court. 

This is, of course, exactly what Lord Pakenham’s 
action amounts to, and even if we disregard for the 
present the serious consequences to British prestige 
and to the interests of all those who travel by air or 
operate services to British airfields of this abrogation 
of the principle of full and impartial inquiry into 
air disasters, there are other reasons why the position 
cannot be left as it is. Lord Swinton, in the course 
of his speech in the House of Lords on December 1, 
directed attention to the probable consequence if 
Ministers could in this way override the findings of 
a highly competent quasi-judicial tribunal ; in future, 
no lawyer of repute would be willing to undertake 
the task of presiding over such a court. A similar 
remark applies to tribunals constituted of other highly 
trained professional men. 

Apart from this rebuff to technical competence 
and co-operation, the incident raises afresh the whole 
question of the basis of inquiry. It is fair to ask 
that those challenging Lord Pakenham’s action 








should indicate how he could have given expression 
to his convictions without disloyalty to the tribunal 
he appointed. A system is needed under which an 
appeal can be made against an unjust finding, should 
one ever be made. The procedure for investigating 
accidents at sea under the Merchant Shipping Act 
of 1894 provides for a re-hearing for fresh evidence, 
or if a miscarriage of justice is feared, and would have 
provided Lord Pakenham and his officials with a 
means of appeal without discourtesy to the president 
of the court. Meanwhile, the incident endorses the 
point made by the Newton National Civil Aviation 
Consultative Committee a year ago. ‘The rule that 
no man should be judge in his own case is 4 basic 
concept of justice... . We do not think it right 
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that the Minister [of Civil Aviation] should be re- 
quired to exercise any discretion in connection with 
accident investigation procedure.” 

The Minister of Civil Aviation rejected the Com- 
mittee’s recommendation with the observation that 
the fact that the Minister is answerable to Parliament 
for the exercise of his discretion is the best possible 
safeguard provided that it is properly exercised. Had 
Lord Pakenham remembered this sound sentiment, 
he would not have placed himself in such a false 
position. As it is, the episode is further evidence 
that the old standards of Ministerial conduct are no 
longer respected. 

This is also one of the two most serious aspects of 
the first report of the Overseas Food Corporation. 
In a debate on that report in the House of Commons 
on November 21, the universal desire for the scheme 
to succeed, and the general recognition that it is too 
late now to draw back even if we wished, were 
passed over. Mr. Strachey, the Minister responsible, 
was concerned mainly to defend his action in dis- 
missing two members of the Board, and showed no 
appreciation of the consequences likely to flow from a 
Minister's loyalty to his department outweighing his 
loyalty to the legislature and to the public. The 
second grave issue is raised by the Minister’s refusal 
to consider the possibility of an independent inquiry. 
This is a serious matter ; first, because the Overseas 
Food Corporation's report has done nothing to solve 
the problem of effective control by Parliament of 
such public bodies in general, and it is still uncertain 
how Parliament is to obtain, as of right, information 
on the progress of affairs in time for effective criticism 
while not hampering the day-to-day administration ; 
and secondly, the public interest requires that the 
fundamental causes of the difficulties and failures of 
the scheme should be ascertained and fairly appor- 
tioned. This should manifestly be done by a body 
the impartiality and authority of which would com- 
mand general confidence; and from the scientifi- 
point of view, this is what, matters most. The scienc 
tific factors in the groundnut scheme have never 
be.n concealed, and there is much to suggest that 
shortcomings have been due less to unsuitable 
appointments, faulty planning or defective accounting 
than to the neglect of scientific method and in par- 
ticular of the pilot experiment. If this is true, it is 
imperative that it should be established authorita- 
tively, for the guidance of those many other ventures 
and schemes where neglect of scientific method or 
factors might involve waste or failure. 

We come back once more to the old, and still the 
central, problem of the effective use of the scientific 
man and technologist in the task of government. It 
is essential to determine the means by which their 
advice can be presented most effectively, on pro- 
cedure as well as on processes, and at a stage and at a 
level that affords the opportunity of reconciling th. 
political and scientific approaches to a problem if 
they should conflict, and thus avoid the political 
approach coming to disaster through plain disregard 
of facts. To a large extent this is a matter of organ- 
isation, of devising the appropriate system of con- 
sultation; but it is also a matter of confidence. 
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Questions of policy, where a choice of aims has to be 
made, are often not the concern cf science, as such ; 
but questions of procedure may involve the pro- 
fessional reputation ana self-respect of men of science. 
When an increasing number of the problems of govern- 
ment to-day transcend party issues, it is a matter 
for deep regret that steps should have been taken 
which prejudice the self-respecting association of the 
scientific and technical expert in the task of govern- 
ment. 


A PHILOSOPHY OF SCIENCE 


The Power and Limits of Science 
A Philosophical Study. By E. F. Caldin. Pp. ix+ 
196. (London: Chapman and Hall, Ltd., 1949.) 
12s. 6d. net. 

INCE 1945 one of the features of the scientific life 

of Great Britain has been a growing interest in 
the ‘philosophy of science’. The Philosophy of Science 
Group of the British Society for the History of 
Science was formed in 1948 with the express object 
of bringing together those men of science who wish 
to study the philosophical aspects either of their own 
special subjects or of science in general. The term 
‘philosophy of science’, however, is somewhat 
ambiguous, for it is used to describe two distinct 
kinds of activity: the first, the study of science in 
relation to other human activities; the second, the 
critical examination of the fundamental presup- 
positions of particular scientific theories. The first 
kind of activity is concerned with the function of the 
various sciences against the background of history, 
and our attitude towards it depends on our general 
philosophical outlook. Indeed, in this sense of the 
term there is, strictly speaking, no ‘philosophy of 
science’; there are only philosophies of science. The 
second kind of activity, however, is concerned with 
fields lying within sciensze itself, and general agree- 
ment is a legitimate objective. 

Bearing these distinctions in mind, a warm welcome 
can be extended to the stimulating and clearly written 
book by Dr. E. F. Caldin, of the Chemistry Depart- 
ment of the University ef Leeds. The subject of his 
essay is the place of science in human affairs, and his 
outlook is that of a man of science who is also a 
neo-Thomist. His central thesis is that science is not 
the only rational approach to the world, but one of 
several differing in their points of view. This, of 
course, is a thesis about science as a whole and not 
about something within science. It is a philosophy 
of science of the first kind, and a reviewer's criticism 
must, therefore, largely depend on whether he is, 
say, Protestant or Catholic, neo-Kantian or neo- 
Thomist. Without adopting the author’s particular 
philosophical point of view, one can nevertheless 

with many of his comments, in particular his 
criticism of the facile judgments, still all too common, 
that “philosophy is nothing but ossified science’’, and 
that “the procedure of natural science is the royal 
road to truth in every field”. 

The book is divided into three parts. In the first, 
the author sets out his view of scientific method ; in 
the second, his philosophical critique of the pre- 
suppositions, scope and limitations of this method ; 
and in the third, he discusses science in relation to 
society and general axiology. Some problems which 
he considers relate, of course. to philosophy of science 
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of the second kind, notably those in his chap‘or op 
Eddington’s “Fundamental Theory”. 

The principal objection to the author's treatment 
of his central thesis is his over-emphasis of the role 
of induction. Rightly, he stresses that scientific 
activity in general springs from certain fundamwnta] 
beliefs concerning the orderliness of Nature ; but, 
in the opinion of the reviewer, the twin pillars on 
which fundamental science rests are experience and 
deductive reasoning. Induction from particular in. 
stances is, of course, an invaluable heuristic met!iod ; 
but it can only suggest general laws and principles, 
If we regard it as the principal characteristic of 
scientific method, we are ultimately forced either to 
adopt the scepticism of Hume or to fall back on some 
form of dogmatic metaphysics to support our belief 
in the truth of science. This is the situation envisaged 
by the author. However, this is not the only way of 
looking at things. Since Kant’s ‘Copernican revo. 
lution’, an entirely new perspective, or rather range 
of perspectives, has been opened to us, irrespective 
of our particular attitude to the precise details of 
Kant’s own philosophy. Scientific theories can now 
be regarded as providing methods and programmes 
for analysing phenomena rather than as imperfect 
reproductions in the mind of processes necessarily 
occurring in Nature. 

By bringing man more to the forefront of the stage 
in Kantian fashion, we annul the putative divorce 
between science and axiology stressed so emphatically 
by Dr. Caldin. In practice, of course, the influence 
of science on history has perhaps been even greater 
in the realm of values than in any other. On the 
whole, the fight against superstition, intolerance and 
tyranny has been most successful in those countries 
which were principally affected by the scientific 
revolution. Tyrannies tend to be anti-scientific. 

In an interesting appendix the author discusses 
the cosmological argument for the existence of a first 
cause, an argument which can be traced back 
ultimately to Aristotle’s idea of a prime mover. In 
this connexion, it might be mentioned that an acute 
critical examination of the argument was presented 
ten years ago by Prof. C. D. Broad in the Journal of 
Theological Studies (40, 24). 

Whether one sympathizes or not with Dr. Caldin’s 
views, his book can be recommended to all who wish 
to clarify their ideas on the place of science in human 
life and thought. It is a clear statement of a par- 
ticular philosophy of science. G. J. Wurrrow 


SUPERSONIC AERODYNAMICS 


Elements of Aerodynamics of Supersonic Flows 
By Antonio Ferri. Pp. xi+434. (New York: The 
Macmillan Company; London: Macmillan and Co., 
Ltd., 1949.) 50s. net. 


UST before the outbreak of war in 1939, Dr. Ferri 
was in charge of the supersonic wind tunnel at 
Guidonia, near Rome, then by far the largest in the 
world. There he made some fundamental experiments, 
now classical, to determine how far the theories of the 
Géttingen school, led by Prandtl and Busemann, and 
of Ackeret’s Zurich school, were supported by reality. 
These theories described the limiting steady high- 
speed motion of a gas as the viscosity and thermal! 
conductivity become vanishingly small. They were 
found to be correct except in certain minor respects, 
where the conflict is now becoming equally well 
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understood. In his new book, Dr. Ferri gives an 
account of those pre-war theories (as well as of his 
experimental methods), describing them as the 
elementary aerodynamics of the supersonic flow of a 
‘perfect’ fluid, though without making the nature of 
the underlying physical assumptions, or the extent of 
their validity, very clear while discussing funda- 
mentals. ° 

Dr. Ferri is probably right, for the purposes of an 
elementary account, in confining himself to the work 
of the Continental schools and of a few American 
writers who have made further investigations along 
similar lines. Nevertheless, it is a shock to see no 
reference to British work other than well-known 
books by Lamb and Rayleigh (whose initials are 
misquoted, while Kelvin’s birthname is misspelt) and 
the joint papers of Taylor and Maccoll. Again, at 
times the author’s avoidance of modern ideas costs 
him a lot of space. Thus he includes the Karman and 
Tsien numerical solutions of integral equations for 
the flow past bodies of revolution, and the (corrected) 
Schlichting approach to the lift of trapezoidal wings ; 
in both cases modern theories are simpler, and give 
equally good information about a much greater 
variety of flows (for example, slender bodies not of 
revolution, lift of wings of any plan-form). He is also 
wrong about certain. points; in calculating the 
pressure on a body of revolution he neglects the 
energy of radial flow, while in estimating the shock 
position in plane steady flows from the adiabatic 
solution he places it firmly on the limit line itself. 
But it is arguable that to have included more of the 
modern theories of (say) flow past wing—body com- 
binations, flow in boundary layers, shock dynamics 
or oscillatory flows, without a full account of the 
earlier work on which they were based, would have 
overtaxed aspirants to knowledge in this field. This 
is perhaps not true of the experimental information, 
however, which is mostly based on Dr. Ferri’s own 
excellent work, but where modern wind tunnels have 
produced further data. 

The book is sound on the method of characteristics, 
even in difficult problems with vorticity and/or 
rotational symmetry, though in the latter case the 
full difficulty of application near the axis in certain 
problems is concealed from the reader. An account 
of static tubes, total head tubes, interferometers and 
Schlieren apparatus is thorough though brief, and the 
book is clear about, nozzle design, and the starting 
difficulties with supersonic diffusers. The flows past 
cones of different angles at different Mach numbers 
are clearly exhibited by a variety of suggestive 
diagrams, though no reference is made to the recent 
computations at the Massachusetts Institute of Tech- 
nology. Again, the results of the theories of the drag 
of supersonic wings are very fully displayed; and 
tables of the relations between physical quantities in 
adiabatic flow, and across shocks, fill forty pages. 
Thus it will be seen that so large a mass of useful 
information has been included that a serious com- 
plaint that one man has been unable to maintain the 
same high standard throughout his account of so 
large a field would be out of place. 

The only comparable books in existence are that 
of Liepmann and Puckett, which is more elementary 
especially in its mathematical demands, and that of 
Courant and Friedrichs, which is more concerned 
with non-linear wave propagation in general than 
with aerodynamics in particular. The new book will 
be valuable groundwork for students of a rapidly 
expanding subject. M. J. LicuTHitt 
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QUANTUM MECHANICS 


Quantum Mechanics 

By Prof. Leonard I. Schiff. (International Series in 
Pure and Applied Physics.) Pp. xii+404. (New 
York and London: McGraw-Hill Book Co., Inc., 
1949.) 33s. 


HE author writes in the preface to this book : 

“The book is intended to serve as a text on the 
graduate level and also as a reference book”. It is 
difficult to do both these things well. 

A reference book has to be reasonably complete, 
and the author has little freedom in the choice of 
material. In this respect, I found the book amazingly 
rich, containing much more material than its volume 
would indicate. The author starts the four hundred 
pages with an introductory chapter on the physical 
bases of quantum mechanics, containing the experi- 
mental background, the Bohr-Sommerfeld quantiza- 
tion rules, etc. The last seventy pages of the book 
are devoted to the quantization of wave fields and 
quantum electrodynamics. Between these portions, 
the book contains the usual topics like the Schrédinger 
wave equations, matrix formulation, approximation 
methods, radiation theory and collision problems. 
There is even a chapter on atomic nuclei and mole- 
cules, and also a fairly complete treatment of 
relativistic wave equations. 

Since knowledge of neither specialized mathe- 
matical tools nor quantum mechanics is assumed, 
any book covering such extensive material must be 
economically written. Indeed, the writing is very 
careful and succinct, and some topics are shifted to 
the problems. Such an economy may be discouraging 
to the student. As in an uncertainty principle, the 
virtues of this book are necessarily connected with its 
faults. It will be an excellent guide for anyone who 
looks for broad knowledge and is willing and able to 
do the hard thinking for himself. It will be less 
valuable to those interested in general ideas rather 
than details. Indeed, it is impossible nowadays to 
give both. If we admit that the impossible cannot 
be done, then Prof. L. I. Schiff’s book should be 
regarded as a valuable contribution to the literature 
of quantum mechanics. L. INFELD 


DIELECTRICS IN PURE AND 
APPLIED SCIENCE 


Theory of Dielectrics 
Dielectric Constant and Dielectric Loss. By Prof. H. 
Frohlich. (Monographs on the Physics and Chemistry 


of Materials.) Pp. vii+180. (Oxford: Clarendon 
Press; London: Oxford University Press, 1949.) 
18s. net. 


KNOWLEDGE of the dielectric properties of 

materials is valuable in both pure and applied 
science ; for the electrical engineer its importance is 
obvious, and for the pure scientist it throws light on 
molecular structure. The subject is one in which 
careful reasoning is essential, and it is easy to reach 
false conclusions ; this is particularly so when con- 
sidering the relation between the dielectric constant 
and atomic polarizability. It is therefore of great 
value to have this book by Prof. H. Fréhlich, who is 
a master of the subject and well acquainted with its 
difficulties. The book is intended mainly for applied 
scientists ; but any man of science working in this 
field will wish to have it. 








1106 


The relation between dielectric constant and 
dielectric loss is considered in Chapter 1, and expres- 
sions are obtained for the energy and entropy of a 
dielectric in an electric field. Chapter 2 deals mainly 
with the relation of the static dielectric constant to 
atomic structure. This is a difficult subject and has 
caused much controversy ; several different formule 
have been proposed, for example, the Clausius— 
Mosotti, the Onsager and the Kirkwood. Prof. 
Fréhlich obtains a very general formula, from which 
others can be deduced in special cases. Kirkwood’s 
formula for a polar liquid is obtained by assuzaing 
the liquid to consist of a continuous medium with 
dielectric constant n* containing dipoles of moment 
u; Onsager’s formula is shown to be a particular 
case of Kirkwood’s, obtained by neglecting the short- 
range forces between the dipoles; the Clausius— 
Mosotti formula is shown to be correct if there are 
no dipoles present. Dipolar solids are then con- 
sidered ; it is shown that, in general, the substance 
will have an order—disorder transition. Below this 
transition temperature the dielectric constant will 
increase with temperature, and at higher temperatures 
it will decrease as in a liquid; some substances. 
however, melt before the transition temperature 1s 
reached. 

Dynamical problems are dealt with in Chapter 3, 
in particular, the dependence of dielectric constant 
on frequency. The Debye equations for a dipolar 
solid are obtained, and the conditions for which they 
are valid are carefully examined ; this examination 
is important, because the equations are sometimes 
wrongly used. The equations for resonance absorp- 
tion are also found, and a comparison is made of the 
behaviour of the dielectric constant for Debye 
absorption and resonance absorption. In the fourth 
chapter several applications of the equations derived 
in the previous one are made ; these include accounts 
of the dielectric constants of water, the paraffins and 
the ketones. The chapter concludes with an account 
of the dielectric behaviour of ionic crystals. 

The book is a fairly short one and can therefore 
deal with only a sme!l part of this big subject ; but, 
when he has studied it, the student will be able to 
read with a better and more critical understanding 
any of the more specialized papers in which he may 


be interested. A. F. DrevonsHIRE 
SNOWDONIA 
Snowdonia 


The National Park of North Wales. By Dr. F. J. 
North, Dr. Bruce Campbell and Dr. Richenda Scott. 
(New Naturalist Series.) Pp. xviii+469+ 72 plates. 
(London and Glasgow: Wm. Collins, Sons and Co., 
Ltd., 1949.) 2ls. not. 


HIS is the first of a series of regional volumes to 

be issued by the editors of the New Naturalist. 
They propose to doal with those parts of Britain 
which lie within areas which are likely to become 
national parks in the near future and which possess 
@ special appeal to naturalists and lovers of the 
countryside. If the standard set in this first volume 
is maintained by those that follow, then we shall 
have a series of which the editors may justifiably be 
proud. “Snowdonia” is no guide-book in the usually 
accepted sense of the term. It attempts to direct the 
visitor’s attention to, and arouse his interest in, the 
whole range of natura! and man-mede phenomena 
that together constitute the appeal of the region. 
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The work falls into three sections. The geology and 
the physical background are discussed by Dr. I". J. 
North. This is followed by a study of the natura] 
history by Dr. Bruce Campbell, and finally thoro is 
the historical background contributed by Dr. 
Richenda Scott. Each contributor writes extremely 
well. Technical terms are kept to a minimum, and 
the non-specialist reader is greatly helped by the 
approach of the authors, who have enlivened their 
narrative wherever possible with first-hand accounts 
of the trials and experiences of the pioneer scientific 
workers in the area. Dr. North’s contribution js 
admirable. It is lucid in presentation, well illustrated, 
and maintains a true balance between the influence 
of structure and of the erosion processes in the 
formation of the landscape. In some ways it is a pity 
that unrelated subsections have crept in. A good 
case could be made out for a full section on the 
climate of the area in place of the scarcely 
adequate subsection that has crept into Dr. 
North’s contribution. Likewise, the subsection on 
cartography and maps could well go into an 
appendix. 

Dr. Bruce Campbell’s section is excellent in every 
way. One feels that not only does he know the 
detailed natural history—no creature or flower is too 
small to be overlooked by him—but also, when he 
divides the area within and around the proposed 
national park into alpine, grassland, valley and 
coastal zones, one feels that he has an understanding 
of the picture as a whole as well as of its parts. This 
section of the book is very good indeed. 

Dr. Scott has set herself a more difficult task 
which nevertheless she has most successfully com- 
pleted. The story of man’s contact with the region 
is traced from the remotest times down to the present 
day. It would be very interesting to argue whether 
the periods detailed in all the chronological sub- 
sections of this narrative are equally important in 
the contribution they have made to the present 
cultural setting, and likewise whether there might 
not be other periods in Welsh history, such as the 
time of the Methodist revival in the latter half of the 
eighteenth century, that deserve a full subsection to 
themselves. This great formative movement in the 
life of modern Wales receives but a passing reference 
on pages 382 and 397. 

It is not only the material in this book that is 
of high quality, but also praise must be given 
for its production. It is profusely illustrated, well 
documented and excellently printed. Nevertheless, 
not all the footnotes (for example, p. 329) have their 
corresponding reference in the bibliography, and the 
larger maps may be criticized by the expert, some 
for their format and others for their titles. Then 
there are the magnificent illustrations supervised by 
Eric Hosking, the photographic editor, where the 
most recent methods of colour photography and 
reproduction are used with such startling . effect. 
But we may ask whether the bright colours and clear 
visibility of these illustrations do not give the reader 
an entirely false impression of what are in their 
everyday garb bleak, wind-swept, rain-swept moun: 
tains, black by night and grey by day. Colouw 


photography may be well suited to climates mor 
fortunate than this ; but so far as Snowdonia is con- 
cerned it is far more likely that the visitor for whom 
this is written will see it ‘as it really is’ rather than 
as it is on those supremely rare occasions which 
so delight the eye of the artist and the colour 
E. G. Bowen 


photographer. 
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SEPARATION OF THE PHOSPHORIC ESTERS ON THE 
FILTER PAPER CHROMATOGRAM 


By Dr. C. S. 


HANES, F.R.S. 


Agricultural Research Council Unit of Plant Biochemistry, Botany School, Cambridge 
AND 


Dr. F. A. SHERWOOD 


Low Temperature Station for Research in Biochemistry and Biophysics, University of Cambridge and Department 
h 


of Scientific and 


HOSPHORIC esters play a central part in the 

biological world by linking processes of respiration 
and fermentation with other essential cellular 
reactions. More than twenty substances of this 
group, mainly sugars and related substances esterified 
with phosphoric acid, are known to form inter- 
mediates in the network of enzymic reactions asso- 
ciated with the breakdown and interconversion of 
carbohydrates in plants and animals. Both in the 
intact cell and in the isolated enzyme systems in 
which these reactions are studied, phosphoric esters 
usually occur in mixtures, and progress in this 
important field has depended upon the development 
of methods for identifying and determining the indi- 
vidual esters present in such mixtures. Existing 
methods of analysis depend mainly upon the frac- 
tionation of salts of the esters and the selective 
hydrolysis of some of them, under standard condi- 
tions, these procedures being supplemented when 
possible by methods based on more specific reactions 
given by particular esters. Except when applied to 
certain relatively simple mixtures, these methods 
frequently fail to yield diagnostic results. 

In the investigation to be described below, it has 
been shown that many of the phosphoric esters, 
including examples of very similar constitution, can 
be separated on the filter paper chromatogram. 
Since the amino-acids were first separated by this 
method’, it has been extended to many groups of 
organic compounds (cf. reviews by Consden*, Cook*) 
and to inorganic substances, especially metallic 
cations‘. The phosphoric esters are very different in 
some respects from any of these groups, and it became 
clear in early trials that new solvents and innovations 
in technique would be essential for their separation. 
The success finally attained emphasizes again the 
important possibilities of filter paper chromatography, 
and the refinements which have had to be introduced 
will be of interest in other connexions. 

There seems little doubt that a comprehensive 
system of analysis of the phosphoric esters, both 
qualitative and quantitative, can be developed on 
the basis now established. 


Experimental Methods 


Development of Chromatograms. Solutions of the 
phosphoric esters, normally as ammonium salts and 
in concentrations not exceeding about 0-1 M, are 
spotted at 2-5-cm. intervals along the ‘starting line’ 
of a sheet of filter paper by means of a micropipette 
of volume about 3 mm.*. A pad of filter paper is 
clipped along the bottom edge of the paper to provide 
extra capillary absorbing capacity; with solvents 
giving low Rp values, the solvent flow can thus be 
continued for a longer period without the marked 
diminutic rate which normally occurs when the 
solvent frc * reaches the bottom of the paper. The 
sheets are now suspended from a glass trough (without 
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solvent) which is supported in an accumulator jar. 
Into the bottom of the jar is placed a libere! 
volume of the solvent system which is to be used 
(both phases if it is a two-phase system). The 
jar is now closed with its ground-on glass lid, and 
is sealed carefully with ‘Vaseline’. The jars are 
supported in an insulated box maintained at 20-0 + 
0-1° C, 

The paper, and the atmosphere within the sealed 
jar, are now brought into vapour equilibrium with 
the solvent so that the flowing solvent, when it is 
added later, will not change substantially in com- 
position as it flows down the paper (due to differ- 
ential evaporation, or absorption by the cellulose, of 
solvent components)*. In early experiments the jar 
was allowed merely to stand for 24-48 hours for 
equilibration, and the flowing solvent was then 
added to the trough through a small hole in the lid, 
this being normally closed by a ground-on glass slide. 
In the present procedure the period for equilibration 
has been reduced to two-three hours by introducing 
a simple device causing air movement within the jar. 
The paper suspended within the jar is caused to move 
to and fro by a slowly rotating permanent magnet 
outside the jar. This acts upon a small iron rod 
sealed in a glass tube which is clipped to the bottom 
of the paper. (A series of magnets are mounted con- 
veniently upon a single longitudinal shaft passing 
between two rows of jars arranged in pairs within 
the insulated box.) The ‘fanning’ is discontinued at 
the end of the equilibration period. 

Detection of the Phosphoric Esters on the Chromato- 
grams. Briefly, the method consists of spraying the 
papers with an acid molybdate solution, followed by 
heating under conditions causing hydrolysis of the 
esters without undue decomposition of the paper 
itself. The free orthophosphoric acid produced from 
the esters forms a phospho-molybdate complex with 
the molybdate present, and this is reduced to an 
intensely blue compound by treating the paper with 
hydrogen sulphide gas, the background becoming 
faint buft in colour due to the conversion of molybdate 
to molybdenum trisulphide. 

In detail the procedure is as follows. The papers 
are removed from the jars after the appropriate time 
for the particular solvent, and are dried off in an air 
current, any remaining traces of solvent being re- 
moved by heating in an oven at 70° C. when necessary. 
Each paper, suspended in a glass box within a fume 
chamber, is now sprayed at the rate of about 1 ml. 
per 100 cm.* with the following solution: 5 ml. 
60 per cent w/w perchloric acid, 10 ml. N/1 hydro- 
chloric acid, 25 ml. 4 per cent w/v ammonium 
molybdate, water to 100 ml. The paper, after drying 
in a current of warm air for a few minutes to remove 
excess water, is heated for 7 min. at 85° C. in a water- 
jacketed oven. This treatment causes enough hydro- 
lysis of even such resistant esters as phospho-glyceric 
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acid and glucose -6-phosphate to render them detect- 
able in minute amounts (for example, 3 mm. of 
M/1,000 solution spread over 1 cm.* of paper). The 
position of many of the esters is visible at this stage 
owing to decomposition products reducing the 
phospho-molybdate ; but to develop the colour fully 
the paper is allowed to regain moisture from the air 
and is then hung for five to ten minutes in a jar 
containing dilute hydrogen sulphide gas. The posi- 
tions of the esters now appear as intensely blue spots 
(the colours being slightly different for certain of the 
esters) against a faint buff background. If the papers 
are exposed to ammonia in the atmosphere the back- 
ground will turn pale blue in time ; but acidification, 
for example with hydrochloric acid fumes, largely 
regenerates the original state. 

Solvents. The important developments in chromato- 
graphy following the work of Martin and Synge* have 
been based mainly upon the use of solvents immiscible 
with water (in small proportions), and these are 
prepared usually by taking the water-poor phase of 
a two-phase liquid system. More recently, however, 
a number of solvents miscible with water have been 
used to separate various groups of compounds. In 
surveying some sixty different solvent mixtures, both 
water-immiscible and water-miscible types have been 
found which give useful separations of the phosphoric 
esters. From these we have selected seven which 
seem likely to prove most generally effective, as 


follows : 

Group a. Acid, water-immiscible solvents. Water- 
poor phase from: 90 ml. ¢ert.-amyl alcohol/90 ml. 
water/30 ml. 90 per cent formic acid; 60 ml. ¢ert.- 
amyl alcohol/30 ml. water+2 gm. p-toluene- 
sulphonic acid 

Group b. ‘id, water-miscible solvents. 80 ml. tert.- 
butanol/20 mi. water + 4 gm. picric acid; 90 ml. 
iso-propyl ether/60 ml. 90 per cent formic acid. 

Group c. Basic, water-immiscible 
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because of difficulty in adjusting their composition 
and properties. Accordingly, in acid solvents con. 
taining alcohols, tertiary alcohols were used to avoid 
any esterification. For separations on the alkiline 
side with water-miscible solvents, no bases other than 
ammonia offered prospects of usefulness, although 
many were tested; in most cases there was little 
movement of the esters, although with piperidine 
there was good movement but little differentiation 
between various esters. Only one example is listed 
of a so-called basic, water-immiscible solvent, namely, 
ethyl acetate/pyridine/water; with this solvent, 
regions on the paper where esters are present would 
probably be slightly acid. 

The adjustment of the proportions of a solvent 
mixture deserves comment. We find, in general 
agreement with the work of Jermyn and Isherwood! 
on the sugars, that by adjusting the proportions of a 
solvent system it is possible to alter markedly the 
Ry values of the esters without changing their order 
of travel. Chenves leading to increased water content 
of the flowing solvent increase the Ry values but, at 
the same time, decrease the differentiation between 
individual esters. With most solvent systems, ade. 
quate differentiation is obtained only when the 
composition is adjusted to give maximum Rp values 
for esters of about 0-3; in order to obtain sufficient 
movement for the clear separation of spots in these 
cases, the solvent front is allowed to run into the 
absorption pad at the bottom of the paper. Rp values 
are not then measurable; distances of travel in a 
standard time are used instead, samples of known 
esters being included on each paper for comparison. 
It should be mentioned that the system ¢ert.-butanol/ 
water/picric acid is exceptional in giving good 
differentiation with substantially higher Ry values. 

It is evident that the optimum composition of a 
mixture of given solvent components will depend 





solvent. Water-poor phase from : 

100 ml. ethy! acetate/45 ml. pyri- A 

dine/100 ml. water. O3 
Group d. Basic, water-miscible r 


i 








solvents. 60 ml. pyridine/20 ml. 
conc. ammonia/10 ml. water; 60 
ml. n-propanol/30 ml. conc. am- 
monia/10 ml. water. . 

As regards the rejected solvent 
mixtures, a few points of general 
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interest deserve mention. For 
separations on the acid side, rather 
strongly acid conditions proved 


necessary in order to obtain move- 
ment of the esters as compact 
round spots. Under less acid condi- 











tions, for example, with n-butanol/ 
acetic acid/water mixtures, there 
was a tendency to form multiple- 
banded spots of the type illustrated 
in Fig. 1A. This peculiar defect 
was largely overcome by the use of 
formic acid (or stronger acids) ; but 
in this case when either a primary 











or a secondary alcohol was present, 
esterification between acid and 
aleohol proceeded so rapidly that 
the solvent deposited water as it ran 
down the paper and caused ‘water- 
logging’. The use of quaternary = 
equilibrium mixtures  (aleohol/  . 

acid/ester/water) was abandoned 
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upon which members of the group of solutes it is 
desired to separate most widely, so that adjustment 
of the composition of the solvents listed above may 
be desirable for particular purposes. 

Reference will be made later to the fact that, 
although varying the proportions of a given set of 
solvent components does not alter the order of travel 
of the different esters, the different groups of solvents 
listed above give a number of distinctive chromato- 
graphic patterns in which the order of travel varies 
widely. This feature greatly increases the possi- 
bilities of separating particular members of a group 
of compounds, especially when many are closely 
similar in constitution and properties. 

Filter Paper and its Purification. Two types of 
serious defect in the chromatograms were traced to 
interference by inorganic impurities present in filter 
paper. With the development of methods for puri- 
fying the papers, not only have these gross defects 
been eliminated but also the character of the chroma- 
tograms with all solvents has been noticeably 
improved. The spots are more nearly circular and the 
rate of travel is increased. This result will doubtless 
be of interest in other connexions—although not 
surprising in view of the observations which have 
been reported for other ‘supporting’ colloids used 
in chromatography, for example, silica gel’, 
starch ®, 

The first defect appeared when basic solvents were 
used on Whatman No. 1 or No. 4 papers. ‘Ghost’ 
spots of the esters remained on the ‘starting line’, 
and more or less serious trails were left behind the 
moving spots. The effect was most marked with the 
inorganic orthophosphate, the bulk of which remained 
fixed at the starting point with only a sligh* trail 
extending forward. This defect was less serious but 
still present with filter papers supplied as acid-washed 
for example, No. 54 and No. 541), and it could be 
eliminated completely by washing any paper with 
dilute hydrochloric acid followed by austilled water, 
in the laboratory. These effects are shown in Fig. 1B. 
The addition of sufficient calcium or magnesium 
acetate to an acid-washed paper so as to increase the 
ash content to about the same level as No. 1 paper 
produced a severe form of the defect. It seems 
probable that alkali-earth metals are the cause of 
this particular interference. 

The second type of defect appeared when acid 
solvents were used on all the four grades of filter 
paper mentioned, and it was not improved by acid- 
washing (hydrochloric acid or a mixture of hydro- 
chloric and hydrofluoric acids). It takes the form of 
a ‘shadow’ extending for 1-3 cm. behind the moving 
spot, this being sharply outlined and not to be con- 
fused with diffuse trailing. Suspecting that heavy 
metals might be responsible, filter papers were 
treated with a solution of 8-hydroxyquinoline in 
aqueous alcohol, followed by thorough washing with 
aqueous alcohol. With a number of batches of paper 
this treatment was almost completely successful in 
eliminating the defect (cf. Fig. 1C), but in other cases 
it was not effective. In these, however, it was found 
that the addition of a small amount of hydrogen 
sulphide to the accumulator jar at the beginning of 
the normal equilibration of the system completely 
eliminated the interference. There seems no doubt 
that contamination of the paper by traces of heavy 
metals causes this second type of defect and that 
more than one metal may be responsible; in the 
case of paper not improved by treatment with ‘oxine’, 
it is suspected that lead is involved. 
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It is not yet possible to prescribe a treatment 
which can be stated with assurance to yield on all 
occasions papers suitably purified for use with both 
acid and basic solvents ; but the investigation of this 
subject is proceeding. Until this object is attained, 
the most generally effective procedure appears to be 
to use No. 1 or No. 4 paper which has been washed 
thoroughly with 2N acetic acid, followed by distilled 
water ; when strongly acid solvents are to be used, 
a small amount of hydrogen sulphide gas is generated 
(from 1 gm. sodium sulphide) in the chromatogram 
jar at the beginning of the equilibration period. In 
view of the general importance of the rigorous puri- 
fication of chromatographic filter paper, it may be 
helpful to state that we have found it convenient to 
construct from methacrylate polymer a large suction 
filter (essentially a large Buchner funnel) on which a 
pad of 30-60 sheets of filter paper of the required 
size can be treated without individual handling. The 
pad is flooded with the extracting liquid, allowed to 
stand as desired, and drained thoroughly by suction ; 
by, repetitions of this process any required washing 
treatments are applied, and the pad is dried finally 
in a current of warm air. 


Chromatograms of Phosphoric Esters on Filter 
Paper 

Chromatograms of a selection of phosphoric esters 
and of free orthophosphate, developed with four 
different solvents, are shown in Fig. 2. 

Chromatogram AI (tert.-butanol/water/picric acid) 
shows good movement and good differentiation be- 
tween the test substances, except that fructose- 
6-phosphate and fructose -1,6-diphosphate have 
travelled the same distance. (This pair of esters is 
readily separated in other solvents.) As has been 
stated earlier, adequate differentiation is obtained 
with this mixture when the composition is adjusted 
to give relatively high Rp values; this obviates the 
need for allowing the solvent front to run off the 
paper. The general character of the spots is satis- 
factory, and the distance travelled by a particular 
ester is scarcely affected by whether it is present 
alone or in a mixture, as can be seen from the 
chromatogram. Furthermore, variations in the con- 
centration of esters up to about 0-15 M (not shown) 
have no significant effect upon the distance travelled. 
In some of these respects the ¢ert.-butanol/water 
picric acid system is slightly superior to some of the 
other solvents; for example, slight concentration 
effects are observed with the m-propanol/water 
ammonia and ethyl acetate/water/pyridine mixtures. 
It may be stated, however, that in no case has there 
been doubt as to the identity of a spot separated 
from a mixture when control spots have been run on 
the same chromatogram. 

The effect of changing from No. 1 to No. 4 What- 
man paper is seen by comparing chromatograms A 1 
and A4, the time of development being the same. 
The greater movement on the more open-textured 
paper (No. 4) has not resulted in this case in a cleaner 
separation ; but the faint trailing perceptible in this 
chromatogram is probably due to imperfect puri- 
fication of the filter paper. 

Chromatogram B (n-propanol / water / ammonia) 
shows a very different pattern of mover» + of the 
same test substances. Chromatograms C (i: !.-amyl 
alcohol/water/formic acid) and D (ethyl acetate 
pyridine/water) illustrate the resolution into still 
different patterns of the mixed solutes spotted in 
positions 7 and 8. 
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Fig. 2. Chromatograms of phosphoric esters and free orthophosphate. Solutions for spots and code letters: 1, 0-03 M glucose-1 sep: 
vosphate (A); 2, 0-01 M glucose-1-phosphate (A) + 0°03 M phos ho-3-glycerate (B); 3, 0°02 M glucose-6-phos phate (C); 4, 0-02 hvd 
vf fructose-6-phosphate (D); 5, 0-02 M fructose-1,6-diphosphate (Z); 6, 0-02 M free orthophosphate (F); 7, 0-02 M adenosine \ 
phosphate (with products of breakdown) (@); 8, 0-02 M each of glucose-1-phosphate, fructose-1,6-diphosphate, free orthophosphate pro 
and adenosine triphosphate. 
womatogram A (1). Solvent, tert.-butanol/water/picric acid. No. 1 Whatman paper, pre-washed with 2 N hydrochloric acid + 1 \ 
hydrofluoric acid followed by ‘oxine’. Running time, 15 hr. M 
Chromatogram A (4). As A (1), but with No. 4 Whatman paper similarly treated. ‘ 
Clromatogram B. Solvent, propanol/ammonia/water. No. 4 bak) paper pre-washed with 2. hydrochloric acid. Running tim: hon 
Chromatogram C. Solvent, éert.-amyl alcohol/water/formic acid. No. 4 Whatman paper pre-washed with 2.N hydrochloric acid + des 
1 N hydrofluoric acid, followed by ‘oxine’. Running time, 15 hr. the 
Chromatogram D. Solvent, ethylacetate/pyridine/water. No.4 Whatman paver pre-washed with 2 V hydrochloric acid + 1 N hydro s 
fluoric acid, followed by ‘oxine’. unning time, 15 hr. gral 
(Note. More effective methods of purification of filter papers than those mentioned above have been developed.) upo 
»e patterns of movement characteristic of different triphosphate ; impurities have been separated from 
a mts are shown more clearly in the diagram in all specimens of adenosine triphosphate examined = 
Fig. 3. It is evident that an accumulation of inform- (although in relatively small amounts in one case) : 
ation of this sort will be of great value in devising and products of breakdown, at least four in number. 
means for separating particular associations of esters which appear when adenosine triphosphate is stored 
connected with specific problems. Considerable work in solution have been separated. Examples of th 
on these lines with all the solvents listed earlier has separation of varying amounts of impurities fron 
been carried out, but most of these observations adenosine triphosphate preparations may be seen it 
have been obtained using imperfectly purified filter Fig. 2 (spots 7 and 8). 
paper, and it is not proposed to present them in detail. 
It is sufficient here to state that we have now ample Further Developments 3 ws 
lence of the effectiveness of the chromatographic Quantitative Determinations. Our object from tl: 8 
method for the separation of most of the naturally outset was the quantitative determination of phos 3 
urring esters. By its use, small amounts of phoric esters separated on filter paper, and relatively & 
yurities have been demonstrated in our purified early in the investigation a suitable method of s 
ence specimens (and, in some cases, it has pro- analysis was developed. Although the method has 2 
ed the sole criterion for further purification). With been little used ‘(since our efforts have been devoted 3 
» or another of the solvents it has been possible meanwhile to improving the operation of the z 
separate all pairs of the known natural hexose- chromatograms), a brief description of the procedur 10 
nophosphates except (a) fructose-l1-phosphate and may prove helpful 
ctose-6-phosphate, and (6) glucose-6-phosphate A definite area of the chromatogram, normal) 
i mannose-6-phosphate. Further work, involving 3-8 cm.*, is marked out around the spot of ester t 
ssibly adjustment of the composition of solvents be analysed. THis area is cut out and is ashed in a 
give greater selectivity for this particular purpese, small test-tube with 0-5 ml. of a mixture of 3 volumes 
\l be required for these separations. A mixture of of concentrated sulphuric acid and 2 volumes of 
ithetic hexose-monophosphates in the form of the 60 per cent perchloric acid. The resulting total 
thyl glycosides which had proved difficult to orthophosphate is determined by the method of 
»arate by ordinary chemical means was readily Berenblum and Chain®, modified as to volumes t 0 
solved into two main fractions on the chromato- permit accurate determinations over the range 
zram, and the presence of a small amount of a third 0-5-15 ygm. phosphorus. The value is corrected for rn 
insuspected component was demonstrated. Another the phosphorus present in a corresponding ‘blank’ in 
pecifie problem of great interest is the separation of area, taken preferably from the same chromatogram. 
lenylic acid and its polyphosphates, and there is When this method was developed, No. 1 Whatman A, 
tle doubt that this can be attained. Adenylic acid paper was being used as purchased, and the ‘blank’ B, 
s been found to be readily separable from adenosine values were (0-1—0-2 ugm. phosphorus per cn.’ of D. 
E, 
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developed chromatogram. It is expected that the 
‘blank’ value will be appreciably reduced by the 
purification treatments now being applied to the 
filter paper. 

By this method quantities of the order of 5-10 ygm. 
phosphorus in 4—8 cm.? filter paper can be determined 
with an error of about + 1-5 per cent, and quantities 
of 1-2 vygm. with an error of about + 3 per cent. 
While the accuracy of the analytical stage is well 
defined, it is premature as yet to attempt to indicate 
the overall accuracy which may be expected in 
determining amounts of different esters separated 
from mixtures on the chromatogram. This will 
depend on the degree of perfection attained in the 
operation of the chromatogram, and so far no 
quantitative data are available on the much improved 
chromatograms which are now obtained. 

Application to other Acids. The observations on 
the phosphoric esters, which are at the same time 
strong acids, suggested that other groups of acids 
should be separable readily by the use of similar 
methods. In experiments which will be described 
separately, we have obtained beautifully clean 
separations of a variety of organic acids (fatty, 
hydroxy, di- and tri-carboxylic) by the use of 
propanol ammonia/water mixtures. 


Mechanism of the Filter Paper Chromatogram 


Although this study has been largely empirical, we‘ 


have been impressed at different stages by the 
desirability of avoiding too narrow a conception of 
the mechanism underlying the filter paper chromato- 
gram, and it is opportune here to comment briefly 
upon this problem. 


Distance of travel (cm.) 
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P 3PhG F-6-P G-1-P G-6-P 





ATP F-1, 6-P 


Movement of free orthophosphate and phosphoric esters 
All chromatograms on No. 4 Whatman 
paper (purified). 


Fig. 3. 
in “sifferent solvents. 
Running time 


A, atm. propanol/ammo 15 hr. 
B tert.-butanol/water; = acid 15 hr. 
C, pa iso-propyl ether/90 per cent formic acid 6 hr. 
D, ~ tert.-amy] alcohol/water/formic acid 15 hr. 
E, ethyl] acetate/pyridine/water 23 hr. 
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The important feature of chromatographic systems 
comprising hydrophilic solids and flowing solvents 
containing some proportion of water is that the 
stationary phase must consist of the solid with a 
quantity of imbibed water. In the case of the paper 
chromatogram, this will consist of cellulose with 
imbibed water. There is no doubt that water imbibed 
in cellulose is different in important properties from 
liquid water, and it would seem an over-simplification 
to regard the stationary phase in such systems as a 
liquid phase. The imbibed water exists almost cer- 
tainly with a considerable degree of structural 
organisation (for example, as chains of water mole- 
cules linked together and to the hydrophilic hydroxy] 
groups of cellulose by hydrogen bonding), and it seems 
preferable to keep in mind that the stationary phase 
is, basically, a water—cellulose complex. As the water 
content of this complex is decreased, its affinity for 
water increases?®. It is clear that the water content 
of the complex in equilibrium with different flowing 
solvents may vary considerably; this will depend 
not upon whether particular solvents are miscible 
or immiscible with water, but upon their respective 
affinities for water. 

The problem of the mechanism of the chromato- 
gram centres on how this water-cellulose complex 
holds solute molecules in competition with the 
flowing solvent. As a working hypothesis it is 
envisaged that a solute molecule, by virtue of its 
hydrophilic character, is able to become incorporated 
competitively with water molecules into the mobile 
but organised water—cellulose complex. This would 
involve the linking of hydrophilic groups of the 
solute molecule to water molecules which are them- 
selves already bound in the complex, and perhaps the 
occasional linking of a solute molecule directly with 
a cellulosic hydroxyl group. 

The separation of different hydrophilic solutes in 
such a chromatographic system depends upon specific 
differences in their distribution between the two 
phases. For any given species of solute molecule the 
distribution will be governed by the respective 
facility with which it becomes incorporated into the 
water—cellulose complex, on one hand, and enters 
into the particular organisation of water character- 
izing the flowing solvent, on the other hand. Such 
factors as size and shape of molecule, number, 
position, and character of hydrophilic groups, etc., 
will be the determinants of the specific distribution of 
solutes between the two phases in a given system. 
Changes in composition of the solvent may influence 
the distribution of a sclute in various ways; for 
example, the water content of both phases may be 
altered with consequent changes in water organisation 
of both ; difterent organic components may markedly 
affect the water organisation in the liquid phase ; 
finally, an important property of many solvent com- 
ponents (for example, alcohols) is the possession of 
hydrophilic groups, and such molecules ray compete 
with both water and solute for positions in the 
water-cellulose complex. 

This hypothesis, although general in character, 
focuses attention upon the properties of the water- 
cellulose complex and especially its capacity to 
incorporate into itself different hydrophilic solutes. 
It may be noted that no reference to adsorption or 
partition has been made in considering the mechanism 
of this process. It would seem to depend upon the 
formal definition of these terms whether the mech- 
anism proposed above should be considered to be 
adsorption on, or solution in, the water—cellulose 
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complex. Meanwhile, the value of the hypothesis is 
that it widens the practical approach to the separation 
of solutes on the chromatogram. 


We have benefited from discussions with numerous 
colleagues, but wish particularly to thank Prof. G. E. 
Briggs for stimulating criticism. We wish to thank 
Mr. E. T. Whitmore, who assisted with the experi- 
mental work. 
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SOURCE OF THE COSMIC RAYS 
By Sim CHARLES DARWIN, K.B.E., F.R.S. 


HE enormous energy possessed by the cosmic 

rays has given rise to many speculations as to 
how they could be generated, which have gone deep 
into the properties of the ultimate particles, and into 
the distribution of matter in outer space'. The 
purpose of the present note is to direct attention to 
@ much cruder and simpler mechanism which does 
not appear to have been considered. In putting it 
forward [ do not intend to imply that it is necessarily 
exclusive, but only that its potentialities should be 
examined ; it might provide the whole effect, or it 
might provide a useful starting point for other 
mechanisms to work on. 

The great developments in recent times of physics 
in general and of astrophysics in particular have been 
mainly concerned with static systems, or with 
systems in nearly steady states. The guiding principle 
in such work has been .the idea of temperature, and 
this idea has tended to take a chief place in our 
minds. An example of this arose not long ago, when 
the sun was found to emit radio noises ; though the 
matter is now in better perspective, there was at 
first almost a suggestion that because their intensity, 
if fitted into Planck’s formula, implied a million 
degrees, therefore this must really be the temperature 
of part of the sun’s surface. One might imagine on 
the same principle that a Martian astronomer, 
observing through his telescope a thunderstorm on 
the earth, would recognize that he was seeing electrons 
with a million electron-volts of energy, and would 
deduce that the temperature of the earth’s surface 
must really be hundreds of millions of degrees. It is 
evident that the idea of temperature is sometimes a 
very poor guide. 

When the conditions depart widely from being 
static, there is no necessary tendency towards equi- 
partition, but the energy may instead become 
enormously concentrated into certain small parts of 
the system. Thus in the crack of a whip the tip of 
theYlash is moving faster than the speed of sound, 
though the coachman’s wrist never moves at all fast. 
Again, when a large sea-wave strikes the wall of a 
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lighthouse, spray is thrown up to a great height, and 
this in spite of its later rise being much slowed by 
air resistance. It is not easy to see how to make any 
general dynamical analysis which would show the 
circumstances in which such concentrations may 
occur ; but one example may be given which suggests 
the almost limitless inequality in the partition of 
energy that may arise spontaneously in perfectly 
natural motions. 

Early in the century there was much trouble with 
the destruction of marine propellers by cavitation, 
and Rayleigh’, following the work of others, wrote 
paper in which he discussed the collapse of a vacuous 
bubble in water. Simple hydrodynamic theory leads 
to the result that the rate of collapse of a spherical 
bubble is given by the equation : 


where p,, is the pressure in the remoter parts of the 
water, ¢ its density, / the initial radius of the bubble, 
R its radius at any time, and U its radial velocity at 
this time. Suppose now that there is a hemispherical 
bubble of radius 1 cm. centred on a plane wall, and 
that at the centre there is a hole of size such as to 
let through one water molecule. Then p = 1, 
P. = 10* for the pressure of the water, / = 1, and 
say R=5 x 10°*. This yields U = 7 x 10" cm./s. 
as the speed with which the molecule will emerge, 
and it happens in less than a thousandth of a second. 
If it were legitimate to apply the rules of ordinary 
dynamics to such a fantastic velocity, the energy of 
the single molecule would be 80,000 ergs! It would, 
of course, be absurd to invoke such an argument 
literally for the explanation of the cosmic rays, but 
it does seem worth while to look rather more deeply 
into the matter, since even if the effect were 
reduced many millions of times it would still provide 
ample energy for their generation. 

It may be objected that the conditions assumed 
are very abnormal, in that the bubble would never 
be perfectly spherical. The solution for the collapse 
of a non-spherical bubble would be difficult ; but a 
rough estimate may be made of the behaviour of 
such a bubble by assuming that though it is still 
spherical, the hole from which the molecule escapes 
is placed eccentrically. If the point of escape is at 
R= 10° cm., then U = 8 x 10° cm./s., a velocity 
greater than that produced by the detonation of 
most explosives. Thus, even if a tolerance of one per 
cent is accepted in the sphericity of the bubble, there 
is still a very large effect. 

More convincing still is the evidence of the pitting 
of actual propellers by cavitation. Here there seems 
no reason to expect that the bubbles will be at all 
accurately spherical, and yet the effect undoubtedly 
occurs. In some cases propellers have been badly 
pitted in a single crossing of the Atlantic. Such a 
voyage might involve a million revolutions of the 
screws, and at a guess each revolution might give 
rise to a hundred bubbles. Thus in a hundred 
million bubbles there are enough of shape sufficiently 
spherical to produce the effect of high explosive and 
make many pits in the surface of the propellers. We 
can see from this that the phenomenon is not even 
very rare. 

An unnatural feature in the calculation is that it 
assumed the water incompressible. Rayleigh showed, 
however, that very high pressures are developed just 
beyond the surface of the bubble, so that the water 
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must really be considerably compressed, and the 
actual occurrence of pitting proves that in any event 
some compression does not diminish the effect. For 
a gas the problem of the collapsing bubble becomes 
immensely more Cifficult, and to the best of my 
knowledge it has rot been solved. Even the motion 
in one dimension is formidable. The solution for an 
advancing wave was given by Poisson*® and Earn- 
shaw‘, and has been fully discussed by Rayleigh®. 
The front of the advancing wave continually steepens, 
and finally forms a ‘bore’ with discontinuous velocity 
at the wave-front, after which no one quite knows 
what will happen. This bore is obviously an important 
feature, but its effect must not be over-rated, since 
it does not involve any increase in the maximum 
velocity attained. For the spherical motion of the 
collapsing bubble the solution fails; but it seems 
certain that pressure and velocity must rise largely 
with the diminishing area, and it seems likely that 
the bore will enhance the tendency to concentrate 
high velocity into the wave-front, and so will encour- 
age the escape of particles of exceptional velocity. 
There seems no reason why the effect should depend 
on @ very different power of the radius from that 
found in the incompressible fluid; but this is only 
a conjecture, and a full sclution is much to be 
desired. 

There can be no doubt of the possibility of high 
concentrations of energy, but the important question 
is, of course, the frequency with which they will occur, 
and this seems a matter scarcely amenable to general 
dynamical treatment. For the cavitation model a 
statistical law can be given for the energy of the 
emerging particles. Imagine that samples are col- 
lected by means of a fine pipe with mouth opening 
arbitrarily anywhere inside the bubble. Then a 
fraction N R*/l? will have velocity greater than 
i’, and so N will be proportional to 1/E, where E is 
the energy. The statistical distribution will there- 
fore obey the law: dN ~dE/E*. The constant of 
proportionality is independent of the sizes of the 
bubbles, but depends on the average p/p, in the 
surrounding fluid. 

This formula, of course, only applies for low 
velocities, and the model of an incompressible fluid 
is entirely unsuitable when relativistic effects are 
important, so that it is impossible to extrapolate it 
to high velocities. All that can at present be said is 
that the formula suggests a not very great decrease 
in number with increasing energy ; and there is no 
evident reason to foresee any radical change in the 
statistics, such as would prevent the creation of a 
considerable number of particles with very high 
energy indeed. 

When a fluid, which is a mixture of different types 
of particles, is considere’, an even more interesting 
consequence is found. These types will emerge from 
the pipe at the same velocity, so that instead of 
equipartition of energy there will be equipartition of 
velocity. In other words, the energy of a particle 
will be proportional to its mass, and this rule will 
continue to hold at relativistic speeds, since there, 
toc, particles of equal velocity have energy propor- 
tional to their mass. Consideration of the final stages 
of acceleration suggests that this may be too extreme, 
and all that can be said is that heavy particles 
siiould have more energy than light, though perhaps 
not quite in proportion to their mass. For each 
individual type there will, of course, be a statistical 
distribution of the character discussed in the 


preceding paragraphs. 
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There does not seem any way of developing a 
general dynamical theory of such effects; but in so 
far as it is permissible to generalize from this rather 
slender basis, the following principles suggest them- 
selves : 


(1) Since the energies concerned are out of all 
proportion to those of temperature equilibrium, the 
temperature of the source will only be of very minor 
importance. 

(2) There is no practical limit to the amount of 
energy that may sometimes be concentrated in some 
of the emitted particles. 


(3) At lower energies the statistical law should not 
be very different from dE#/E* for particles all of a 
type; the power of E might be changed, but the 
function should not be radically different. It is not 
clear how to extrapolate to relativistic speeds, but 
there is no reason to expect that the numbers would 
become excessively rare. 

(4) The energies of particles of different mass 
should be proportional: to their masses, or at any 
rate should depart widely in this direction from the 
rule of equipartition. This should also be true at 
relativistic velocities. 

It is suggested that the cosmic raye may originate 
from some mechanism of this general kind, and 
though there may be other possibilities, the most 
obvious source is from the stormy seas that must 
cover the surfaces of many of the stars. We know 
that in the case of the sun there is enormous energy 
in flares and prominences, and long before it is com- 
pletely dissipated this energy must break down into 
turbulent motions of great violence, though they 
soon become too fine in scale to be visible. In such 
motions there will appear regions of wildly fluctuating 
pressure, and from some of them there will spurt out 
spray, which occasionally will have very high 
velocities indeed. The important question, of course, 
is the frequency of these occurrences, and though 
the cavitation model is rather unlike the 
actuality, it does suggest that they are not excess- 
ively rare. 

During its escape the spray will be practically 
neutral in charge, and so will escape most of the 
radiation-damping which prohibits the rapid acceler- 
ation of charged particles ; this damping would be a 
serious difficulty in most mechanisms that might be 
imagined for the rapid acceleration of the cosmic 
rays. ‘After getting free of the surface cf the star, 
the atoms will be gradually stripped of their electrons 
by collisions; but this effect need not be discussed. 
One important thing that these collisions must do is 
to filter off the very large number of slower particles 
which will be thrown up by the spray. However, 
in practically any theory of the generation of 
cosmic rays which does not invoke some idea of 
‘special creation’, this filtration will certainly be 
needed. : '@ 

It cannot be decided whether the spray theory is 
sufficient to explain the cosmic rays until much more 
work has been done on it. If it should not suffice, 
then it would be profitable to seek some other rapid 
method for their generation, since the slower the pro- 
cess the greater the difficulty with equipartition. 
Nevertheless such a slow process as Fermi’s! cannot 
be excluded, and the spray might provide its starting 
point. Fermi’s theory seems to have difficulty over 
the activation of the heavier atoms, and the present 
hypothesis might help, in that they would be ex- 








1114 


pected to start with energy higher than protons. This 
feature may, indeed, serve to discriminate between 
alternative theories. 

Much work will evidently be needed in the difficult 
field of turbulent motion either t» prove or disprove 
the present hypothesis, and it is in the hope of inter- 
esting others in it that J have put it forward in this 
preliminary manner. 

* See, for example, Fermi, PAys. Rev., 75, 1169 (1949). 
* Phil. Mag., 34, 94 (1917). 

* J. U Ecole Polytech., 7, 319 (1808). 

* Phil. Trans., 150, 133 (1860). 

* Proc. Roy. Soe., A, 84, 247 (1910). 


THE SCIENCE OF TSETSE 
CONTROL 


By Dr. K. R. S. MORRIS 


7 oe control should never be divorced from 
research, though it may fall into the two cate- 
gories—long-range and applied. Long-range control 
is devoted to the extermination of tsetse, whether 
concerned with the transmission of trypanosomiasis 
or not. Like pure research, it has great potential 
value; but the problems of human and animal 
trypanosomiasis often assume dangerous proportions, 
demanding the immediate application of remedial 
measures. In this applied work the scientific side 
tends to be elbowed aside; yet the need is no less 
and the range considerably wider than in long-range 
control. For urgency demands that attention be 
focused on the tsetse, only inasmuch as it is a 
menace to man and his animals. Each problem must 
be assessed at its true value in relation to the welfare 
and activities of the local people and to the economy 
of the country as a whole. Consideration has to be 
given to factors governing the transmission and spread 
of infection. Measures must be appraised and selected 
to give the greatest degree of relief in the shortest 
time, and, a point often overlooked, to fit in 
with the life of the people with the least dis- 
turbance and without leaving a burden of costly 
maintenance. 

Such an ideal is not.attainable at once, and its 
attainment may well be delayed rather than hastened 
if empiricism is allowed to replace the disciplines of 
scientific technique. The necessity for applied 
control to produce results demands the checking of 
every step and process by systematic recording of 
observations. Much of value is lost through omission 
to do this. The admirable settlement scheme at 
Anchau might have afforded much information on 
applied entomology, but there are no published 
data, such as the incidence of tsetse and trypanoso- 
miasis before and after control, which might guide 
the worker elsewhere. Critical analysis of results is 
necessary for progress; it is equally important for 
making one’s experiences available to others. 


Research and Practice in the Gold Coast 


The applied aspect of tsetse control has guided the 
work of the trypanosomiasis campaign in the Gold 
Coast since its inception in 1937. The problem was 
extensive and urgent. The Northern Territories were 
involved in one corner of & pandemic of sleeping 
sickness stretching across the Volta Rivers to the 
Upper Niger, with 30,000 square miles of country 
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showing 5-15 per cent of the populations infected. 
Two vectors, Glossina palpalis R.D. and G. tachinoides 
West., were responsible, both requiring the ever. 
green fringing forest of rivers and streams as per. 
manent habitat and therefore strictly riverine jy 
their distribution. This brought a further complica. 
tion by causing depopulation along the Black Volta 
and its larger tributaries, where the disease had long 
been severe, and overcrowding on the watersheds, 
with resulting land hunger and erosion. 

A problem of such magnitude and far-reaching 
effects required drastic measures for its control, and 
this demanded research. Meanwhile, the urgency of 
the situation was met by mass treatment of patients, 
and a system of protective clearings which aimed at 
excluding tsetse from the main points of contact with 
man, water-holes and river crossings, but which left 
the greater part of the fly-belt untouched. This 
effected substantial reductions in the amount of 
sleeping sickness (60-80 per cent in five years), but 
the decline was not progressive. However, valuable 
information was gained. Standardized records of the 
incidence of tsetse in clearings and in adjacent fly. 
belt and of the sleeping sickness-rate in the localities 
concerned were kept for three districts, the area of 
observation totalling 3,000 square miles. A positive 
correlation was found between the length of clearing 
and the reduction in tsetse incidence, and between 
the amount of clearing done in an area and the general 
fall in the infection-rate. In other words, we were 
enabled to know exactly what we were doing, to 
predict the results of various applications of clearing 
and, consequently, to select methods appropriate to 
each problem!. 

This information explained the inadequacy of 
small-scale measures for the control of serious 
epidemic trypanosomiasis. First, G. palpalis and 
G. tachinoides move freely along open river banks at 
ali seasons, so that clearings even three to five miles 
in length are traversed regularly by small numbers of 
flies (this is also experienced with G. palpalis in 
Kenya), half-mile clearings are entered by as much 
as 25 per cent of the adjacent fly-belt population, 
and clearings of 200 yards or less may cause an 
increased incidence of tsetse at the point they are 
designed to protect. Secondly, localized small 
clearings do not embrace all the points of man-fly 
contact where transmission of infection occurs. 
Thirdly, for small clearings to be effective, all the 
woody vegetation should be cut; this is expensive 
and may result in river-bank erosion and silting of 
water-holes. Finally, small clearings cannot control 
animal trypanosomiasis nor correct the evils arising 
from the maldistribution of the population. 

Research gave a method for eradication by exploit- 
ing the habit of these tsetse communities of spreading 
extensively along the rivers during the favourable 
climatic conditions of the rains, but contracting to 
very limited and well-defined foci during the adverse 
period of the dry season. The tsetse communities are 
most vulnerable at the time and location of their 
concentrations. A study of the plant associations of 
the dry-season habitats was started in 1929 *, con- 
tinued by J. L. Stewart on the Nabogo River during 
1932-36 *, and extended during the present investiga- 
tions to cover the whole inland savanna zone of the 
Gold Coast. It was found that these concentration 
sites were characterized by the presence of certain 
species of trees and shrubs, limited in number, and 
that the list of these ‘indicators’ could be used as a 
consistent standard for clearing. The argument was 
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that if those species of trees and shrubs were essential 
to the formation of dry-season habitat, their removal 
would make such places untenable to the tsetse for 
four to six months of the year. Do this throughout 
a complete river system and, with no dry-season 
retreats, the whole tsetse community would die out. 
This is the principle of ‘selective clearing’’. It was 
first applied during 1941-42 to the Kamba River, 
draining 600 square miles of Lawra district. The 
results were convincing, for there was rapid dis- 
appearance of the dense colonies of @. palpalis and 
G. tachinoides throughout the River. Routine observa- 
tions at a number of points on three rivers, with 
control catches on the uncleared Volta, have provided 
a full record. Points on the Kamba which had shown 
pre-clearing catches of 2,700—7,500 tsetse a year gave 
figures of 1--6 flies in 1943, the year after clearing 
(standardized to 240 boy-days catching per year). 
Wet-season migration brings very small numbers of 
flies up the lowest five to ten miles of river from the 
Volta, but no farther. In 1948 it took 240 boy-days 
to catch a tsetse on the Kamba beyond migration 
range, while the control catches through the year 
averaged 83 flies per boy-day. 

After this demonstration, selective clearing was 
extended over the whole of the Lawra District and 
is beirg applied to the remaining areas of endemic 
sleepimz sickness in the Northern Territories, where 
2,300 square miles of country have now been reclaimed 
from tsetse. The method has been adopted by the 
French in the neighbouring Upper Volta Territory, 
and is being considered for the problems of Northern 
Nigeria. 

In contrast to protective clearings, the eradication 
of the tsetse causes a rapid and progressive decline in 
the amount of sleeping sickness, Lawra District 
showing a 98 per cent reduction of pre-clearing inci- 
dence by 1948. Equally important, the people are 
returning to the depopulated parts of the cleared 
rivers in increasing numbers, and they are doing this 
solely in response to the attractions of the good land, 
water and grazing offered by the river valleys. Highly 
organised and financed resettlement schemes have 
been avoided, so as to keep this aspect of tsetse control 
within the compass of the natives and to encourage 
their initiative and independence. What has been 
done in Lawra can be done anywhere, without special 
grants or additional staff. 

Maintenance is a factor that may become decisive 
in large-scale operations, since clearing methods 
requiring annual maintenance will, as the area is 
extended, involve so much supervisory staff and funds 
as eventually to limit the amount of work that can 
be undertaken. So selective clearing was taken to 
the point of eradicating the fly-belt vegetation itself, 
& project that was possible because we had to deal 
with the limited number of ‘indicator’ species only 
and were working to the natural units of river 
systems. A virtual alteration of the plant associations 
of the rivers, from closed evergreen riparian forest to 
open tree-grass associations has been attained, and 
it gives such stability to the clearings that, aided by 
farming, about half are now permanently reclaimed 
and require no maintenance, the remainder being on 
a three-yearly rotation of weeding. This is considered 
the greatest step forward in the work. Labour for 
maintenance is provided by the local native authority, 
with only one African supervisor required for 1,000 
square miles of territory. Thus our whole effort and 
resources can be devoted to a progressive plan of 
attack on the tsetse. 
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Discussion 


The control of trypanosomiasis involves two 
questions: the choice of techniques and the planning 
of their application. Techniques may be directed 
against the trypanosome, by mass treatment or 
prophylaxis, or against the vector, by tsetse control. 
Measures against the parasite leave behind the tsetse, 
and their results, however spectacular, cannot be 
permanent so long as any sources of infection remain. 
Elimination of the tsetse ensures complete and stable 
control of both human and animal trypanosomiasis. 
Here again, with artificial methods, such as insecti- 
cides, control is unstable so long as sources of re- 
infestation remain; it is through biological means, 
interference with hosts or habitat, that the greatest 
successes have been achieved. 

Outstanding examples of control through host 
interference are the sleeping sickness settlements of 
Tanganyika‘ and game control in Southern Rhodesia‘, 
in which the natural food of G. morsitans, game, has 
been permanently replaced by man or cattle on which 
the fly cannot maintain itself. Alteration of habitat 
can vary from sheer felling of all woody vegetation, 
as in barrier clearings or the tribal] turnouts of Tan- 
ganyika, to refined forms of partial clearing by 
removal of limited components of the plant associa- 
tions forming the tsetse’s habitat. The advantages 
of cheapness, ease of maintenance and conservation 
of vegetation that arise in partial clearing are offset 
to some extent by the difficulty of defining a standard 
for such work that can be applied over a wide and 
variable terrain. Arbitrary lengths and breadths are 
inapplicable to such complex biological problems, 
and personal judgment, as in discriminative clearing, 
depends on that variable, the human factor, with 
inevitable inconsistencies and difficulties of stand- 
ardization. Consistency is best attained by a bio- 
logical measure, such as Jackson’s clearing of tsetse 
concentration sites (personal communication) or the 
list of indicator plants in selective clearing. Tsetse 
control thus becomes a work of scientific precision, 
with an exact formula to be followed instead of being 
a matter of judgment and opinion. 

Application of techniques should be planned on 
consideration of the tsetse as a vector, and knowledge 
of where its control can be most effective. If a quite 
localized control can be done sufficiently well to 
eliminate the trypanosome, the tsetse elsewhere cease 
to matter. The geographical distribution and the 
epidemiology of sleeping sickness suggest that severe 
epidemics can exist only in certain environments, 
for there are large areas where man and tsetse are in 
contact yet infection is absent, despite opportunities 
for its introduction®. An exacting complex of factors 
is evidently necessary for the spread and development 
of the disease, and these conditions are not fulfilled 
everywhere. It should be possible to eliminate sleep- 
ing sickness permanently from a country by locating 
these epidemic foci and ‘sterilizing’ them by the 
complete eradication of the tsetse. Areas of lighter 
infection, which commonly surround and are sub- 
sidiary to true epidemic foci, can be dealt with by less 
drastic measures. This is the plan of operations in 
the Gold Coast, and it is proving effective. 

‘ Morris, K. R. 8., Bull. Ent, Research, 37, 201 (1946). 
4 Pomeroy, A. W. J., and Morris, K. R. 8., Bull. Ent. Research, 23, 
501 (1932). 


* Stewart, J. L., Gold Coast No. 1, 1937 (Govt. Printing Dept., Accra). 

* Fairbairn, H., Trop. Dis. Bull., 45, 1 (1948). 

s ew = J. K., Bull. No. 1419, Ministry of Agriculture and Lands 
(Salisbury, 8. Rhodesia, 1947). 

* Morris, K. R. S., Trans. R. Soc. Trop. Med. and Hyg., 48, 165 (1949). 
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OBITUARIES 
Prof. T. Slater Price, F.R.S. 


Pror. Taomas StatTserR Price was born on August 
24, 1875, and died on October 29, 1949. Educated at 
King Edward’s High School, Birmingham, he pro- 
ceeded to Mason College, Birmingham, and graduated 
with first-class honours in chemistry and physics at 
the University of London in 1895. In that year he 
was appointed Priestley Research Scholar in chem- 
istry at Mason College and in the following year, as 
an 1851 Exhibition Scholar, he proceeded to Leipzig 
to study under Prof. W. Ostwald. Graduating Ph.D. 
“summa curn laude” in 1898, he studied for a further 
year in Prof. Arrhenius’s laboratory at Stockholm. 

On returning to Britain in 1900, he was appointed 
honorary lecturer in chemistry at Mason University 
College, and in the following year he proceeded to 
University College, Sheffield, as assistant lecturer. 
After two years as senior lecturer in chemistry at the 
University of Birmingham, he was appointed head of 
the Chemical Department of the Birmingham Central 
Technical College in 1903, a post which he held until 
1920. Under his direction the work in this Depart- 
ment was completely re-organised and extended, and 
although his energies were very fully occupied in 
teaching and organisation, he was able to carry out 
a large number of researches on peracids, organic 
disulphides and complex metallic ammines, the results 
of which are embodied in some forty papers published 
during this period. For his work he was awarded 
the degree of doctor of science of both the Universities 
of London and Birmingham. 

In April 1916, Slater Price was commissioned as 
lieutenant, R.N.V.R., in order to take up special 
chemical work of # secret nature at the Royal Naval 
Experimental Station, Stratford, and later he was 
put in charge of all the chemical and technical work 
of this Station and promoted lieutenant-commander. 
Among the many problems which were studied under 
his direction at this time was the devising of smoke 
materials for making smoke screens such as were 
used in the Zeebrugge raid. 

Early in 1920 he was appointed director of research 
to the British Photographic Research Association. 
Under his able direction and inspiration, a long list 
of papers was published year by year from the 
laboratories of the Association until it closed down 
in 1930. He was appointed to the chair of chemistry 
in the Heriot-Watt College, Edinburgh, in 1931, and 
retired in 1940. 

Slater Price was a member of the General Council 
of the Royal Institute of Chemistry during 1911-14 
and 1921-24, and served as vice-president during 
1924-27. Keenly interested in the training of young 
chemists, he was largely responsible for the initiation 
of the scheme for national certificates in chemistry. 
In 1921 he was elected to the Council of the Chemical 
Society and served as its senior secretary during 
1924-28 and as honorary treasurer during 1928-31. 

He was gazetted an Officer of the Order of the 
British Empire (Military Division) in 1919 and elected 
a fellow of the Royal Society of London in 1924 
and of the Royal Society of Edinburgh in 1932. 

Since his retirement, Slater Price had been in very 
poor health, and those who watched him during these 
latter years could not but be impressed by the patient 
fortitude and inner peace with which he bore his 
increasing physical limitations. The death of his 
beloved wife a little more than a year ago was a loss 
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which he felt most keenly, for she had nursed him 
with loving care in his great weakness. 

Prof. Slater Price was a man of outstanding gifts 
of mind and insight. His clear and definite faith 
in the reality of God was the mainspring of his life, 
enabling him in the days of his health to serve 
loyally and devotedly his Church, and all his days 
to inspire those who met him in scientific circles or 
in private life. Hvueu B. Nisser 





Prof. C. A, Bentley, C.I.E. 


In the death of Prof. C. A. Bentley, tropical 
sanitation has lost an ardent and zealous worker and 
an established authority on malaria. In his early 
work in Assam, Bentley made many contributions to 
tropical medicine, including recognition of the cause 
of ‘ground itch’ in coolie labour as due to penetration 
of the skin by ankylostome larve and the finding of 
the Leishman—Donovan bodies in kala azar, thus 
establishing the true nature of this important disease. 
With Christophers he was joint author of a mono. 
graphic report on blackwater fever, establishing the 
dependence of this disease on iong-continued malarial 
infection. In 1909 he was appointed to special duty 
under the Government of Bombay to investigate the 
malaria conditions in Bombay City, his report 
embodying his results and recommendations being 
one of the most complete malaria surveys ever carried 
out and to this day a classic. Later, as Director of 
Public Health with the Government of Bengal, 
Bentley was instrumental in securing large-scale 
anti-malaria measures in that Presidency, including 
an active policy of quinine distribution and measures 
for combating malaria in the unhealthy tracts of 
certain dying river systems, a subject on which he 
wrote many important reports. Following his retire. 
ment from India, Bentley was appointed to the chair 
of hygiene in the Egyptian University, Cairo. Just 
before his death he had been made director of the 
London Office cf the Dutch Cinchona Bureau, an 
appointment in which he had hoped to renew his 
ever-abiding interest in quinine. 

Dr. Bentley in all his work brought to bear un- 
bounded enthusiasm. never sparing himself in active 
personal investigation and endeavour to arrive at the 
essential facts. He was a fluent writer and a great 
advocate when any subject seemed to him important. 
He received the Kaisar-i-Hind Gold Medal in 1916, 
was appointed C.I.E. in 1929 and on retirement from 
his Egyptian professorship was made emeritus pro- 
fessor and Commander of the Order of the Nile. He 
leaves a widow, two sons and two daughters. 


Dr. R. A. Hull 


Dr. R. A. Hutz was killed at the age of thirty- 
eight when he fell while climbing the Brouillard ridge 
of Mont Blanc on August 22. Going up to Oxford in 
1929 as an exhibitioner of St. John’s College, he 
obtained a first class in Physics Finals in i332 and 
was elected a senior scholar of Christ Church in 1934. 
He took the degree of D.Phil. in 1936 and was then 
working in the low-temperature team at the Clarendon 
Laboratory. The work was often harassing and 
difficult. Experiments frequently lasted as long as 
twenty hours, yet his great powers of concentration 
enabled him to keep command of an experiment in 
the most trying conditions. His patient and ingenious 
experiments contributed much to the technique of 
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working below 1° K. which had been established in 
Oxford by 1939. When the War came he joined the 
Admiralty research team at Oxford, and in 1941] 
designed and constructed what was probabiy the 
first continuous-wave oscillator in the millimetre 
region. As the War progressed he became more and 
more occupied with the training of physicists, who 
were required in ever-growing numbers. His very 
considerable administrative abilities now became 
apparent, both in the organisation of teaching and 
elsewhere in the Laboratory. In 1944 he spent a 
term as & visiting professor at Harvard University, 
assisting in the U.S. Navy’s radio training scheme, 
and in the same year he was elected a fellow of 
Brasenose College. In 1948 he became a member of 
the General Board of the Faculties and was soon an 
accepted and vigorous representative of the science 
faculties. 

Any problem Hull took up was considered long 
and deeply. When his mind was made up, he would 
speak it even though it meant saying the difficult 
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and unpopular thing. Something of this same 
deliberate quality was the secret of his success as a 
teacher and a man of science. He would never 
willingly accept a partial solution. Many brought 
their problems to bim and found him very generous 
of time and trouble in helping them. Above all was 
his sincerity and reliability : what he said, he meant, 
and what he promised, he did. 

Though perhaps too reserved for more than a few 
to know hira intimately, he found many friends not 
only in the tearned faculties but also in a wide range 
of University life from the hockey field to the Bach 
Choir and the Music Club. An experienced moun- 
taineer and an expert photographer, he was never 
happier than when among the hills either in Britain 
or in the Alps. Even on the wettest and coldest of 
days, it was always good fun to be with him there. 

In 1937 Hull married Miss Judith Moore, like bim- 
self a research worker in the Clarendon Laboratory. 
She died in 1943. They leave one daughter. 

J. WILKS 


NEWS and VIEWS 


$ 
Pituitary Adrenocorticotropin : Research at Cam- 


bridge 

Tue hormone of the anterior pituitary lobe has 
excited great interest over the pasc twenty-five years, 
and although results of the greatest theoretical 
significance have accrued from the large amount of 
research carried out on this subject, little of practical 
importance has developed therefrom until recently. 
Within the past year, interest has been particularly 
directed to the adrenocorticotropic hormone of the 
anterior pituitary gland for two reasons. First, as 
would be expected from the action of cortisone, 
adrenocorticotropin is effective in the treatment of 
rheumatoid arthritis. Secondly, Li and others have 
shown that the biological activity of adrenocortico- 
tropin can be retained during the degradation of 
this protein hormone to a moderately sized peptide. 
The synthesis of such a peptide, the activity of which 
would be of the greatest interest in practical medicine, 
is therefore within the realm of possibility. 

The Nuffield Foundation, whose support of research 
on rheurnatism is of many years standing, has not 
been slow to realize the significance of this position, 
and the Trustees have recently made an offer to the 
University of Cambridge, which has been accepted, 
to provide a grant of £11,000, spread over three years, 
to support research on adrenocorticotiopin in the 
School of Biochemistry under the direction of Prof. 
F. G. Young. For the past fifteen years, Prof. Young 
has been pursuing research on the relationship of 
anterior pituitary hormones to metabolic processes 
with particular reference to diabetes, and has recently 
identified one diabetogenic pituitary substance with 
the growth hormone. As has been demonstrated in the 
United States by Li, Conn and others, pituitary 
adrenocorticotropic hormone can also be diabetogenic 
in some species. In Great Britain, however, research 
of this type has always been hampered by the poor 
supply of active material, and with the support of 
the Nuffield Foundation Prof. Young will be able 
to prepare substantial quantities of adrenocortico- 
tropic hormone, and to pursue investigations, which 
would otherwise not have been possible, on the 
structure of the hormone itself and of derived pep- 


tides. The hope that this work may provide a basis 
for an attack on the synthesis of active substances 
is a real one, and in this aspect of the work Prof. 
A. R. Todd and his staff, in the University Chemical 
Laboratories at Cambridge, are prepared to collab- 
orate with Prof. Young and his team, also with the 
support of the Nuffield Foundation. 


Trotter and Paterson Memorial Lectures of the 

Illuminating Engineering Society 

Tue Council of the Illuminating Engineering 
Society is raising a fund to provide for public lectures 
in memory of the late Mr. A. P. Trotter and the late 
Sir Clifford Paterson. It has been suggested that 
the money should be contributed in small sums from 
the whole membership of the Society, and that the 
interest on the capital be used to provide fees for 
the lecturers. The cost of the meetings and of the 
publication of the lectures in the Transactions of the 
Society will be borne by the Society out of its general 
income. The lectures will be given alternately as the 
Trotter Memorial and the Paterson Memorial at in- 
tervals which will depend on the response to this 
appeal, and they will take place, in the first instance, 
in London and will be repeated in the Provinces, if 
appropriate. The subjects of the first few lectures 
will be related to the particular interests of Mr. 
Trotter and of Sir Clifford Paterson; but later 
lectures will be of a more general character, dealing 
with pioneer work or with some broad review of 
developments or knowledge. 

Mr. Trotter’s association with lighting was unique 
(see Nature, 160, 390; 1947). More than sixty years 
ago he was a pioneer in photometry, public lighting 
and vision under conditions of low illumination, and 
as president of the Society during the First World 
War he paved the way for collaboration between the 
lighting industry and the Government. In the Board 
of Trade he contributed largely to the Electricity 
Regulations, and as editor of the Electrician he had 
a considerable influence on the growth of the industry. 
Sir Clifford Paterson also made a very personal con- 
tribution to the science and industry of illumination 
(see Nature, 162, 325; 1948). His connexion with 
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the lighting industry started in 1903 at the National 
Physical Laboratory, where he was largely responsible 
for the design and calibration of the electric lamps 
which formed the standard of luminous intensity 
until 1948. Sir Clifford was, for a number of years, the 
director of the Research Laboratories of the General 
Electric Co., Ltd., and although his interests ex- 
tended over many fields, it was in the subjects of 
photometry and illumination that he was peculiarly 
interested. He was one of the founders of the Inter- 
national Commission on Illumination and was its 
honorary secretary for many years. 


Middle East Oil 

In an article in Volume 31, No. 1, of The Lamp 
(house journal of the Standard Oil Co., New Jersey, 
published five times a year primarily for employees 
and stockholders) a survey is made of progress in oil 
production during the past fifty years in the Middle 
East. During that time production increased system- 
atically, until in 1948 it reached a total of one million 
gallons per day, and the area became recognized as the 
third most important producing centre of the world, 
the United States and the Caribbean being first and 
second respectively. The most significant oil region 
in the Middle East as yet discovered lies in a great 
geological trough which extends through Iran, Iraq, 
Saudi Arabia and the smaller sheikhdoms of Kuwait, 
Bahrein and Quatar. There is intense activity 
throughout the area, and the very great rise in pro- 
duction is a measure of the success of prolonged 
labour by oilmen in one of the hottest climates of the 
world. Nevertheless, Middle East oil could be made 
to flow faster by elimination of the present bottle- 
neck in transportation. Ninety per cent of the oil is 
concentrated in the Persian Gulf area, which at the 
nearest point lies eight hundred miles east and south- 
east of the Mediterranean. Every barrel of oil travels 
by sea. The route will probably remain the same for 
destinations east of Suez; but for the great markets 
of Western Europe, substitution of overland pipeline 
transport is geographically feasible. A combined 
land and sea route of four thousand one hundred 
miles to the English Channel ports compares impres- 
sively with the present all-sea route from the Persian 
Gulf, south-east round Arabia and northwards 
through the Red Sea and the Suez Canal. Pipelines 
when built will, it is estimated, eliminate more than 
three thousand one hundred miles of tanker haulage 
on shipments to Western Europe. A map showing 
proposed pipelines in the Middle East clearly indicates 
the extent of the project and at the same time 
demonstrates the present formidable wastage of 
tanker haulage. Given adequate overland transport 
facilities, this region can meet all Western European 
requirements. At the same time, the peoples of the 
Middle East will begin to feel the benefits attendant 
upon development of the first mass-volume export 
commodity they have ever had. 


Bird Photography by High-speed Electronic Flash 


A metTHop of taking bird photographs which 
promises to be of great value in the analysis and 
understanding of bird flight has been described by 
Eric Hosking (British Birds, 42, No. 8; August 
1949). The high-speed electronic flash is many times 
brighter than bright sunlight and is usually arranged 
to last about 1/10,000 second. The set built to pro- 
duce the flash was made by Dr. P. 8. H. Henry, who 
also devised a photo-cell trip that would automatically 
operate the camera shutter, and with it the flash, at 
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the instant the bird passed through a pre-arranged 
zone in front of the camera. With this ingenioys 
apparatus the bird thus takes its own photograph at 
the moment that it is itself in focus. Mr. Hosking 
illustrates his article with a number of photographs 
which have been taken by high-speed electronic flash 
and suggests that here may well be a means of 
advancing the study of aeronautics. This new 
method of photography should certainly add to our 
knowledge of bird life, and particularly of the more 
active phases of bird behaviour like courtship and 
aggressive displays, as well as the identification of 
food carried in the bill and the recording of feeding 
behaviour at the nest. 


Sources of Information in Great Britain 


THE first two of a series of “Aslib Guides to Sources 
of Information in Great Pritain”’, issued in pamphlet 
form suitable for inclusion in a loose-leaf binder, and 
intended cumulatively to form a new edition of the 
“Aslib Directory”, have recently been published (No. 
1, The Paper Industry ; pp. ii+14; 2s. 6d. net, to 
members, 2s. No. 2, Agriculture and Allied Interests ; 
pp. v+64; 16s. net, to members, 13s.). The pam. 
phliets are numbered in accordance with the Universal 
Decimal Classification and are arranged in three 
sections dealing with relevant national libraries and 
loan services, with the organisations in Great Britain 
which are the main sources of information in the 
particular field, and with the publications, including 
periodicals, directories, annuals and yearbooks. They 
are provided with a subject index to the libraries and 
other organisations and to the publications listed. 


Agricultural Attaché to the British Embassy in 
Buenos Aires 


Mr. A. G. Mr has been appointed to succeed Major 
T. A. Rattray as agricultural attaché to the British 
Embassy in Buenos Aires. Mr. Mill, who is forty-one, 
has been connected with farming all his life, mainly 
with cattle, sheep and horses. From 1928 he was for 
ten years in the Argentine as an estate manager for 
Liebig’s Extract of Meat Co. During the Sacond 
World War he was a government livestock officer in 
Britain, and since 1945 he has served in that capacity 
in Barbados. 


Colonial Service : Recent Appointments 


Tue following appointments in the Colonial Service 
have been recently announced : D. J. O. Burke, A. G. 
Cullum and A. A. Kingshotte, agricultural officers, 
Nigeria ; I. Constantinesco and A. Hamersley, agri- 
cultural officers, Tanganyika; J. H. Rhodes and 
A. T. Wilson, agricultura] officers, Northern Rhodesia ; 
J. Evans and J. A. Sandys, agricultural officers, 
Nyasaland; D. W. M. Haynes, agricultural officer, 
Federation of Malaya; R. H. Forster, agricultural 
officer, North Borneo; H. Sandford, agricultural 
officer, Sarawak; E. F. H. Sturgeon, agricultural 
officer (for soil conservation), Nyasaland; A. G. 
Bramwell, J. L. Masson, A. J. L. Mitchell and A. L. 
Roxburgh, assistant ‘conservators of forests, Nigeria ; 
A. P. B. Hamilton, assistant conservator of forests, 
Northern Rhodesia/Nyasaland ; J. R. Hilton, assist- 
ant conservator of forests, Uganda ; C. 8. Kilpatrick, 
assistant conservator of forests, British Guiana; 
A. N. Loweth, assistant conservator of forests, Fiji ; 
I. Paul, assistant conservator of forests, Sierra 
Leone; M G. Yearsley, assistant conservator of 
forests, Gold Coast; O. P. Casey, G. C. McCallum 
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and J. H. Thompson, geologists, Nigeria; H. R. 
Versevy and V. A. Zans, geologists, Jamaica; P. A. 
Ashworth, geologist, Sierra Leone; P. Collenette, 
geologist, North Borneo; J. J. Frankel, petrologist, 
Lands and Mines and Survey Department, Kenya ; 
E. T. Haldemann, geologist, Tanganyika ; M. Kosten, 
geologist, Gold Coast; J. W. Pallister, senior geo- 
logist, Uganda; L. R. Verney, chemist assayer, 
Nigeria ; A. H. J. Colley, veterinary officer, Northern 
Rhodesia; E. P. Lindley, veterinary research officer, 
Nigeria; R. L. McKenzie and W. P. McMillan, 
veterinary officers, Uganda; W. E. Pearson, veter- 
inary education officer, Nigeria; W. Plowright, 
veterinary officer (pathologist), Kenya ; P. W. Swire, 
veterinary officer, Nigeria ; G. H. Yeoman, veterinary 
officer, Tanganyika ; J. C. M. Gardner, entomologist, 
Forest Department, Kenya; D. M. Montgomerie, 
assistant meteorologist, Nigeria; H. H. C. Pudden, 
sylviculturist, Kenya; F. G. Smith, beeswax officer, 
Department of Agriculture, Tanganyika; H. J. 
Steer, statistician, Trinidad. 

The following changes of appointment are also 
announced: J. D. Broatch (assistant director of 
agriculture, Gold Coast), deputy director of agri- 
culture (cocoa industry), Gold Coast; J. C. Eyre 
(deputy director of agriculture, Northern Rhodesia), 
director of agriculture, Northern Rhodesia; A. V. 
Gibberd (senior agricultural officer, Nigeria), assist- 
ant director of agriculture, Nigeria; E. A. Lewis 
(chief field zoologist, Kenya), director, East African 
Tsetse Reclamation Department, East African High 
Commission; A. 8. McKinnon (agricultural officer, 
Somaliland Protectorate), assistant director, Agri- 
cultural and Veterinary Department, Somaliland 
Protectorate; J. M. Ward (senior agricultural 
officer, Gold Coast), assistant director of agriculture, 
Gold Coast; K. R. M. MacDonald (assistant con- 
servator of forests, Nigeria), conservator of forests, 
Nigeria; G. M. Gates (veterinary officer, Nigeria), 
assistant director of veterinary services, Nigeria ; 
H. M. Stuchbery (senior veterinary officer, Tan- 
ganyika), deputy director of veterinary services, 
Nyasaland ; C. R. Turbet (senior veterinary officer, 
Fiji), senior animal husbandry officer, Nyasaland ; 
F. R. Jonnson (analytical chemist, Gold Coast), 
senior fisheries officer, Gold Coast. 


The Night Sky in January 


FULL moon occurs on Jan. 4d. 07h. 48m., v.T., and 
new moon on Jan. 18d. 07h. 59m. The following 
conjunctions with the moon take place: Jan. 
9d. 05h., Saturn 0-2° N. ; Jan. 10d. 10h., Mars 2° N. ; 
Jan. 19d. 14h., Venus 10° N. In addition to these 
conjunctions with the moon, Venus is in conjunction 
with Jupiter on Jan. 25d. 13h., Venus being 7-3° N. 
At the beginning of the month Mercury sets one and 
a half hours after the sun ; later in the month, it rises 
before the sun—at 6h. 20m. on Jan. 31. Venus sets 
more than three hours after the sun on Jan. 1 and 
two and a half hours after the sun on Jan. 15, and is 
in inferior conjunction on Jan. 31. The stellar mag- 
nitude of the planet decreases during t!.e month from 
— 4°4 to — 3-2. Mars rises at 23h. 25m. and 22h. 10m. 
on Jan. 1 and 31 respectively, appearing a little east 
of y Virginis in the latter case. Jupiter can be seen 
for a short time, setting two hours after the sun at 
the beginning of January, but is drawing closer to 
the sun and is not favourably placed for observation 
during the greater portion of the month. Saturn 
rises at 22h. 12m., 21h. 16m. and 20h. 10m., at the 
beginning, middle and end of the month, respectively, 
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and is of about magnitude |! a little east of « Leonis. 
The rings are practically closed now, their plane 
passing close to the earth. Occultations of stars 
brighter than magnitude 6 are as follows: Jan. 
ld. 04h. 08-3m., 36 Taur. (D); Jan. 3d. 3h. 28-9m., 
136 Taur. (D); Jan. 9d. 00h. 47-5m.} o Leon. (D); 
Jan. 9d. Olh. 43-2m., o Leon. (R); Jan. 28d. 20h. 
10-2m., y Taur. (D); Jan. 31d. 18h. 45-8m., 47 Gemi. 
(D). D and R refer to disappearance and reappear- 
ance, respectively, and the latitude of Greenwich is 
assumed. The earth reaches perihelion on Jan. 3. 


Announcements 


Aw exhibition entitled ‘‘Research and Production” 
is to be held by the British Welding Research 
Association at its London headquarters at 29 Park 
Crescent, London, W.1, during February 7-11, 
between 10 a.m. and 5.30 p.m. 


THE forty-seventh exhibition of scientific instru- 
ments and materials, organised by the French 
Society of Physics, will take place during May 26- 
June 1 in the exhibition rooms at the Sorbonne 
(University of Paris). The office of the exhibition 
committee will be at 12 rue Cuvier, Paris 5. 

THe London Section of the Institution of the 
Rubber Industry is organising a one-day conference 
on the behaviour and testing of rubber under dynamic 
conditions, to be held in London on March 17. Six 
papers will be read, and preprints are available at 
4s. 6d. a set. The conference is open to all. Further 
particulars can be obtained from the Secretary of 
the Institution of Rubber Industry, 12 Whitehall, 
London, S.W.1. 


Tue Association of Scientific Workers, 15 Half 
Moon Street, London, W.1, has announced the 
formation of a new branch for social scientists, the 
purpose of which is to provide an organisation and 
meeting-place for the consideration of professional 
problems concerning salaries, the role of the social 
sciences in society, and the employment of social 
scientists. 


Art the request of the International Scientific Film 
Association, the Sciences Committee of the Scientific 
Film Association is compiling a register of men of 
science in Great Britain, engaged in pure or applied 
research, who use cinematographic methods in their 
work. This register will form part of an international 
list, and the collected information will be available to 
persons in any country on request. Scientific workers 
who use cinematographic methods are invited to send 
the relevant details to Dr. E. L. Huppert, honorary 
secretary, Sciences Committee, Scientific Film Associa- 
tion, 4 Great Russell Street, London, W.C.1. 


UnDeER the provisions of the Fulbright Programme, 
travel grants are available to citizens of the United 
Kingdom and Colonies to go to America for academic 
or educational purposes, provided that they have the 
financial support in dollars for the visit and are 
affiliated to an American institution of higher learn- 
ing. These grants cover the cost of travel from the 
candidate’s home to America and return, and are 
available during June 1, 1950—May 31, 1951. Further 
particulars can be obtained from the United States 
Educational Commission in the United Kingdom, 
55 Upper Brook Street, London, W.1. 

Erratum. In the communication ‘Oxidation of 
the Coagulation Factors’ by Dr. L. A. P&los in 
Nature of November 26, p. 926, the two illustrations 
should be interchanged. 
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UNITED NATIONS RESEARCH LABORATORIES 


N October 1946 the Economic and Social Council 
of the United Nations adopted by a large majority 

a resolution submitted by the French delegation 
calling upon the Secretary-General, in consultation 
with the Educational, Scientific and Cultural Organ- 
isation and the other specialized agencies concerned, 
to report upon the problem of establishing United 
Nations Research Laboratories. Two parallel in- 
quiries were made, the results of which have now 
been published*; the first was conducted by the 
Secretary-General, and the second by Unesco. The 
Unesco report occupies some seventy pages of the 
annexes, and with it appear replies from the World 
Health Organisation, the International Labour 
Organisation, the United Nations Food and Agri- 
culture Organisation as well as from the International 
Council of Scientific Unions and six of the individual 
Unions, from the World Power Conference and like 
organisations, the Rockefeller Foundation and from 
forty-two individual scientific men, including Dr. 
K. T. Compton, Sir Charles Darwin, Prof. A. Einstein, 
Prof. A. V. Hill, Prof. Harlow Shapley, Prof. H. C. 
Urey and Prof. S. Zuckerman. 

Generally, the opinion elicited by the Secretary- 
General’s inquiry was favourable to the principle of 
international research, though many notes of caution 
were sounded. While some favoured an international 
research establishment, believing it would advance 
research activity in most branches of science, this 
omnibus conception of United Nations laboratories 
caused misgivings to others. Some replies suggested 
that the purpose of an international research estab- 
lishment should be to maintain and develop 
important branches of scientific research which, for 
one reason or another, scientific men to-day are 
inclined to neglect. Others stressed the function 
which United Nations laboratories might perform in 
fields such as astronomy that can only be developed 
rationally on an international level; while besides 
those problems that require a crossing of national 
boundaries, there are others, such as arctic, antarctic 
and oceanic studies, which must be investigated 
outside the boundaries of any given State. Attention 
was also directed to the need for international 
standards and units of measurement, and many 
replies indicated a desire for international research in 
fields that are of immediate and vital concern to all 
nations ; for example, agricultural science, medicine 
and public health. 

Four main arguments were urged against United 
Nations action. The first, based on consideration of 
expense, sprang from the demand for increased 
financial resources coming from existing institutions 
and the fear that the establishment of central 
laboratories might be disadvantageous to existing 
institutions. The second objection related to the 
scientific staff which would be required for the inter- 
national laboratories; in this respect, also, such 
laboratories would be competing with existing 
institutions, many of which are already understaffed. 
On the other hand, it was suggested that international 
laboratories, by providing training facilities, would 
help the small nations to expand their staff of experts 
and thus ease the situation. A third objection related 


* United Nations: Department of Social Affairs. The Question of 
Establishing United Nations Research Laboratories. i 
(New York: Lake Success; London: Russel] Square 
2 dollars. 
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to specific research centres: there were fields, such 
as mathematical research, in which it was suggested 
no international organisation could assist. The 
fourth objection centred on co-ordination, urying 
that, in the present stage of scientific co-ordination 


in the international sphere, the proposal was 
premature. 
Generally speaking, the international scientific 


unions appear to be strongly in favour of the prin. 
ciple, as was Unesco and, in certain fields, the 
International Labour Organisation. The Inter. 
national Civil Aviation Organisation favours an 
international research centre for cartography and 
meteorology ; but the World Health Organisation 
wishes to reserve the right to choose and execute any 
projects in the medical field. The Food and Agri. 
culture Organisation does not at present favour 
international centres, preferring to encourage the 
scientific work of national institutions. 

The Secretary-General’s report then discusses 
specific suggestions received for international research. 
A number of these appear in the comprehensive and 
systematic report submitted by Unesco. The latter 
report begins by outlining certain principles which 
should determine the validity of any such proposals 
for international research: thus the subject should 
be appropriate for such development ; it should be 
one in which the new knowledge can only be acquired 
in places remote from the existing main centres of 
science ; it should be one requiring organisation on 
zonal lines or the crossing of national boundaries or 
international pooling. The Unesco report further. 
more suggests that, so far as possible, the existing 
international scientific unions should take the major 
scientific responsibility. Among the projects given 
detailed study by Unesco are international astronom. 
ical observatories, laboratories of nutritional science 


and food technology, meteorologicai institutes and 


stations, institutes of applied mathematics (computing 
machines), centres for the study of tropical life and 
resources, international ornithological observatories 
and international oceanographic institutes. 

The Secretary-General’s report was considered 
by the Economic and Social Council at its seventh 
session on August 10, 1948, when the Council 
adopted a resolution urging that the problem should 
be further discussed by the governing bodies of 
all the important national scientific institutions 
for higher education and research, and authorizing 
the Secretary-General, in co-operation with Unesco, 
to form a small committee of experts to examine 
the question. That committee of eight experts, 
including Dr. J. Needham and A. T. M. Wilson 
of Great Britain, and Dr. Harlow Shapley and 
Dr. R. Likert of the United States, met in Paris 
last August and had before it almost a hundred 
individual proposals. Its formal report has not yet 
been issued ; but it is understood that in appraising 
these proposals the Committee laid considerable 
empLasis on the value of each project to humanity, 
from a scientific and a practical point of view, on the 
appropriateness of the project for research at an 
international level, on the resources available, the 
probable cost, the risk of duplication and on whether 
the project is in an under-developed field greatly in 
need of stimulation. 

Three projects were selected by the Committee as 
of first importance: an International Computation 
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Centre, en Institute for Neurophysiology and an 
Institute of the Human Sciences. The first and last 
of these were recommended for immediate establish- 
ment by the National Research Council of the United 
States Committee on Unesco. A third proposal, for 
an Institute of Geo-Medicine, which had also been 
endorsed by the National Research Council Com- 
mittee, was referred to the World Health Organisa- 
tion. High priority was also recommended for four 
further proposals: an Arid Zone Laboratory, an 
International Astronomical Laboratory, an Institute 
for the Chemistry of Living Matter, and a Meteor- 
ological Institute. It is understood that the Com- 
mittee of Experts proposes to call a conference of 
fifty to sixty scientific men during the summer of 
1951 to discuss the entire programme for United 
Nations research laboratories, reviewing the achieve- 
ments of the first three Institutes which are expected 
to be operating by that time, and examining addi- 
tional proposals. Meanwhile, the Director-General of 
Unesco has indicated that the Organisation is already 
actively concerning itself with the proposal for an 
Institute for the Arid Zones, and is also considering 
the creation of international pool facilities for 
scientific standards and type collections. 

The Committee on Unesco of the U.S. National 
Research Council, in commenting on the report and 
subsequent developments, rightly urges the respon- 
sibility of scientific men, pending the official report 
of the Committee of Scientific Experts, for the 
examination of the material already available, with 
the view of forming considered opinions on the 
subject, so that their national representatives may 
have clear guidance when the time for decisive vote 
for or against the proposals arrives. The National 
Research Council Committee itself has set forth 
clearly principles which should be met by any such 
proposal worthy of consideration by the United 
Nations. Support, in its opinion, should be limited 
to those projects which meet one or more of the 
following five qualifications : study in a large number 
of countries is essential to the prosecution of the 
problem ; apparatus and technical assistance is too 
expensive to be supported by single nations alone ; 
the scientific results sought are likely to be of value 
to many countries; a particularly favourable site 
for a particular study is available in a country 
unable financially to support the project; and the 
project bears specially on the aims of the United 
Nations. 

The National Research Council Committee, while 
urging the immediate establishment of three. In- 
stitutes, is keenly aware that the creation of a new 
United Nations research institute is not lightly to be 
recoramended. It is the great merit of the report 
with annexes now issued by the United Nations that 
reasoned statements accompanied such proposals. In 
particular is this true of Dr. R. J. Dubos’s memor- 
andum urging the creation of an _ international 
laboratory for the study of tuberculosis, Dr. R. J. L. 
Pluvinage’s plan for an international brain institute, 
Prof. P. Gourou’s research and experimental pro- 
gramme for the improvement of agriculture and 
standards of life in tropical regions, Dr. H. L. Shapiro’s 
memorandum on research on the adaptation of man 
to its environment, and Dr. Harlow Shapley’s project 
for an international laboratory for astronomical 
research. 

There is a wealth of material in the report for 
study, and it is impossible to do justice to much of 
it in a summary. Mention should, however, be made 
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of the reply from the Kockefeller Foundation, in view 
of the long international experience of that body. 
The Rockefeller Foundation has cer(..in reservations, 
which would be valid at any time, about starting 
new international institutes, and considers that the 
present position regarding scientific staff strengthens 
those reservations. Accordingly, the reply emphasizes 
the wisdom in developing international co-operation 
im science, of working so far as possible by aiding 
and improving the existing organisations. Secondly, 
the Rockefeller Foundation suggests that at the 
present time the critical need is not so much advanced 
laboratories as adequately trained staff. The emphasis 
is thus shifted rather to the support of existing 
institutes which are effectively coupled with univer- 
sities so that they serve the double purpose of 
recruitment and training and of actual research 
output. In the critical dearth of first-class personnel 
at the present time, the Rockefeller Foundation finds 
it difficult to see where the necessary leadership for 
new institutes could be obtained. The Foundation 
also views with concern the tendency to locate new 
international institutes in places where they are not 
needed or cannot be properly utilized, and its experi- 
ence emphasizes the desirability of establishing a 
good balance between local (or national) support and 
support from any outside agency. 

Apart from challenging what. the Unesco report 
terms the principle of remoteness, this rather cautious 
reply does not controvert the other principles laid 
down by Unesco. It is on the question of timing that 
the RockefeHer Foundation has reservations, and its 
observations on the staff position deserves to be 
weighed very carefully. The same objection is not, 
however, raised in the replies received from the 
International Council of Scientific Unions or the 
International Scientific Unions, nor does there appear 
to be any concern there that the support of any such 
new institutions will adversely affect Unesco’s sup- 
port of the International Unions themselves. Specific 
projects advocated in the replies from the Unions 
relate to an international observatory, floating 
laboratories for work in geodesy and geophysics, 
development of the International Latitude Service, 
an international cartographical organisation, an 
international organisation for the study of erosion, 
and an arid zone research laboratory for fluid and 
soil mechanics. Prof. J. Timmermans, replying for 
the International Union of Chemistry, visualizes 
international centres for the collection and handling 
of pure products, and groups or research centres for 
standardizing systems and apparatus and supervising 
the constants of substances used as standards, as 
well as for certain astronomical studies, meteor- 
ological observations and the study of the distribution 
and development of certain species of living creatures. 

The United Nations has issued a report which 
merits close study. The objections to any such 
new proposals are clearly set forth, and, though the 
Committee of Experts appears to be going ahead, 
there is no reason to fear that unsound or untimely 
projects will command its support. Ii is true that in 
certain fields the staff position may render action 
premature at the moment, but the broad proposal 
does appear to offer an effective means of securing 
that the advance of science proceeds on a broader 
front; its implementation is well calculated to 
increase the co-operation and intermingling of minds 
at the frontiers of several disciplines and branches of 
science which has in the past been such a fruitful 
stimulus of creative thought. 
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SHELD-DUCKS: MIGRATION 
IN SUMMER 


By R. A. H. COOMBES 


International Wildfowl! Research Institute, Zoological 
Museum, Tring, Herts* 


HE status of the common sheld-duck, T’adorna 

tadorna (L.), in Great Britain and Ireland has 
long been described in the ornithological literature as 
being similar to that of other British breeding ducks, 
namely, a resident species the numbers of which are 
increased by immigrants from the continent of 
Europe in winter and by passage migrants in spring 
and autumn. This description, however, gives a very 
inadequate and misleading impression of the complete 
life-history, as will be seen from the following findings, 
the result of many years study of sheld-ducks in 
this field : 

(1) The British population of the sheld-duck per- 
forms one highly concentrated migration in the year ; 
this migration takes place neither in spring nor 
autumn but shortly after mid-summer, and it has 
begun, developed and almost ended in four weeks— 
the month of July. 


(2) The return is more in the nature of a gradual 
drift back to the breeding-grounds than true migra- 
tion. It is spread over a period of at least six months, 
the waves of returning birds varying somewhat from 
year to year, but showing peak periods in autumn 
and again in late winter or early spring. It is 
these returning British and Irish birds that have 
been mistaken for winter visitors and passage 
migrants coming from breeding-grounds in other 
countries. 

(3) Every year there are in the breeding areas 
comparatively large populations of sheld-ducks which 
are paired and appear to be in adult plumage, but 
which do not breed. 

(4) The exodus in July consists of the entire 
population of these non-breeding pairs and almost 
the entire population of the adult breeding pairs. 


(5) The young birds of the year, most of them still 
in down, are thus deserted by their parents. The 
broods of downy young usually join to form larger 
groups. One or sometimes two adults remain with 
each flotilla of flightless young for & period after the 
resi of the parents have migrated. 

(6) Although the sheld-duck is essentially a marine 
ének, the migrants do not follow the coasts, but fly 

verland across Great Britain from west to east by 
several routes. 

(7) These migration routes across England are 
adhered to each year with great precision, as are also 
the places of assembly and departure. 

Initial studies have been made of the process 
of the migration and the behaviour of the migrants. 
Photographs of the migrating flocks in flight have 
been obtained. 

These findings were reached as a result of direct 
observations carried out at intervals over a period of 
years prior to 1940. I resumed observations in 1946 ; 
but it was not until 1949 that I had the opportunity 
to devote part of every day to this field work through- 
out the whole period of the migration. My area of 


* Part of the expenses of this work in 1949 have been defrayed by a 
grant from the Nature Conservancy. 
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observation was Morecambe Bay on the north-west 
coast of England, and although the bay is more than 
two hundred square miles in extent, all the sheld-ducks 
were observed to leave by two routes, each about a 
mile wide. 

Several of the phenomena observed in this species 
and formerly thought to be examples of inexplicable 
behaviour now become clear. 


(a) The disappearance of sheld-ducks from their 
usual haunts in July and August, noted by observers 
for more than half a century, is now explained. 


(6) The gathering together of broods of flightless 
young into flotillas and fleets in the charge of one or 
sometimes two adults is due to the parents having 
departed on migration. 


(c) Communal gatherings or ‘parliaments’ com. 
posed of adult pairs have long been known to occur 
during the period of incubation in May and June. I 
have no doubt that they are composed of the non- 
breeding part of the population and not of breeding 
pairs as formerly believed. 

(d) The occurrence of sheld-ducks on inland waters, 
particularly in July, acquires new significance in 
view of the discovery of regularly used trans-England 
migration routes. 


I am indebted to Dr. C. G. B. Ten Kate, who, when 
I was showing him the migration in 1947, directed 
my attention to a paper published in Holland during 
the War by J. Hoogerheide and W. K. Kraak’. 
Analysis of the ringing data from seven European 
countries and study of the literature had led them to 
put forward the theories that sheld-ducks in north. 
west Europe probably migrate in July, and con. 
centrate in the south-east corner of the North Sea to 
moult, and that return to their countries of origin 
during autumn or winter could be inferred. The 
arcuracy of the authors’ three theories is beyond 
question. By field observation I had already found 
the first and third to be the case in north-west 
England, and had suspected that the migration was 
related to moult by analogy with ducks of some 
other species which migrate from Siberia to the V>lga 
Delta before moulting their flight feathers. But 
before publishing anything I wanted to ascertain the 
destination of the migrants. 

It was stated by Goethe? that flocks of sheld-ducks 
in a flightless condition were to be found in August 
in the Heligoland Bight, particularly in the area 
around the Island of Mellum. The presence of these 
flocks was confirmed in 1949 through the assistence 
of the Air Ministry, and the Air Officer Commandi:i< 
in Chief of the Royal Air Force in Germany, dy 
observations made from the air by crews of R.x *. 
aircraft flying in the region of Mellum. 

Sheld-ducks in western Europe are confined to the 
narrow strip of tidal mud-flats surrounding parts of 
the coast, because this habitat provides their food 
supply. 

But it would seem that while the entire juvenile 
population is confined to this strip in « flightless 
condition during July, the adult and second-year 
population is concentrated into one comparatively 
small area of the North Sea coast, also in a flightless 
or semi-flightless condition, during August. 

If future investigations show that the summer 
migration and its timing and destination here 
recorded are of universal application to the sheld-duck 
populations of north-west European countries, then 
the need for international agreement on fully adequate 
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measures of conservation is of the highest importance 
for the continued prosperity of this species. 

Investigations in other countries will be assisted 
by the National Sections of the International Com- 
mittee for Bird Preservation. The British Section, 
through the Wildfowl Inquiry Committee, with its 
joint organisation for observing wildfowl, will 
investigate the migration of sheld-ducks with the 
view of locating other places of arrival and departure 
and other regular routes of migration across the 
British Isles. 

A detailed account of the summer migration of the 
sheld-duck as observed by me in Morecambe Bay 
over a period of years will be published in The Jbis in 
1950, and will include particulars of the assembly of 
the migrants, the times of departure, the number of 
ducks in each flock, the line of flight, weather con- 
ditions, the departure-behaviour of the migrants, etc. 

Hoogerheide, J., and Kraak, W. K., Ardea, 31, 12 (1942). 


* Goethe, F., “Die Vogelinsel Mellum"’, Abh. Geb. Vogelk., 
(1940) 


Berlin, 4 


SOUTH AFRICAN COUNCIL FOR 
SCIENTIFIC AND INDUSTRIAL 
RESEARCH 


ANNUAL REPORT FOR 1947-48 


HE third annual report of the South African 

Council for Scientific and Industrial Research, 
covering the year ended October 5, 1948*, records 
considerable development in the staff and facilities 
if its laboratories and associated service depart- 
ments ; the Industrial Research Associations for the 
Leather and Footwear and Fish Industries became 
corporate bodies under the Companies Act during 
1948 and had a very successful year. The Paint and 
Sugar Milling Research Associations were expected to 
begin operations very shortly. The Research Com- 
mittee of the Federated Chamber of Industries pro- 
vides a valuable link between industry and the 
Council and has undertaken an inquiry into the 
present and future demand for various types of 
research workers in South African industry. The 
Medical Research Committee was reconstituted during 
the year and has formulated detailed plans for 
developing @ medical information service and for the 
development of small research units and teams 
specially qualified to attack specific research problems 
of preventive and curative medicine. The units will 
be established at. various universities or in association 
with the Department of Health or the South African 
Institute for Medical Research. It was hoped to start 


in 1949 with units in applied physiology, social 
medicine, virus diseases, tuberculosis, amcebiasis, 


bilharzia and cardio-pulmonary disease. 

These units will in the main be an extension of 
university research activities, but the Council’s 
scheme for supporting research at universities has 
also functioned satisfactorily, while a Committee 
formed by the Council, in association with the Council 
for Social Research, has formulated proposals for the 
establishment at the universities of a number of 
permanent posts to provide for research and advanced 
teaching in subjects where the facilities and history 

* South African Council for Scientific ont Industrial Research. 


Third Annual Report, 1947-1948. Pp. ix+ (Pretoria: South 
(African Council oy Scientific and Industrial ty 1949.) 
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of the department concerned promise success. These 
proposals were being considered by the Minister of 
Education. The Nuffield Foundation asked the 
Council to act as a channel for the nomination by 
South African universities of distinguished men of 
science to visit the country for discussions with 
university and other research workers and thus to 
stimulate research development. The Council has 
also been concerned with the planning of the con- 
ference recontly held in Johannesburg to discuss 
collaboration in long-range research on specialized 
problems in Africa south of the Sahara. The Council 
also arranged, in co-operation with the Union 
Meteorological Division, the South African Air Force, 
and its own National Telecommunications and 
Physical Laboratories, for very successful trials on 
the possibilities of the artificial stimulation of rain 
with dry ice. 

The National Building Research Institute con- 
tinued to expand and, with the sub-division of the 
original Engineering Division into three divisions, is 
now organised in five divisions, besides an administra- 
tive section. In the new Engineering Division work is 
in progress on the physical properties of the various 
elements of buildings and the cost of buildings; in 
the Soil Mechanics Division on the development of a 
rational theory for small-house foundation design 
and of a satisfactory soil pressure cell; and in the 
Functional Efficiency Division on the development 
of tests for thermal properties of building materials, 
the determination of heat transmission through the 
various elements of buildings, ventilation conditions, 
lighting and the acoustical properties of building 
materials and tests for assessing their resistance to 
rain. The Materials Division has reviewed the use of 
exfoliated vermiculite in building and has studied 
expansive reortar failures in brickwork, termite 
damage in orth Africa and the protection of building 
timbers, the :rprovement of Portland cement and 
the determination of the efficiency of water-proofing 
agents. The Architectural Division has studied all 
forms of housing development and minimum standards 
of accommodation in framing housing policy, and two 
sociologists have been working in connexion with the 
latter project. 

In the National Chemical Research Laboratory 
studies of South African clays of industrial importance 
by modern techniques are under way. Apparatus for 
routine measurement of the surface area of paint 
pigments and for the measurement of surface areas 
by gas absorption has been constructed, and the 
chemistry of chromium and the citric acid ferment- 
ation of cane molasses have both received attention. 
Lack of chemicals hindered the development of ths 
Organic Chemistry Division ; but preliminary studies 
of wool wax have been concerned with the elaboration 
of analytical methods, and the general outlines of the 
structure of a phenolic component of the timber of 
Chlorophora excelsa have been determined. The 
Nutrition Unit has widened the scope of its activities 
and completed investigations.on the absorption of 
fat and on the digestibility of crude fibre during the 
consumption of diets rich in whole grain and white 
breads 

Further experience of personnel research in industry 
by the National Institute for Personnel Research has 
led to the conclusion that such research is rather 
costly and that it is preferable to carry out investi- 
gations for individual firms rather than for repre- 
sentative bodies. Aptitude tests can only profitably 
be undertaken in the following circumstances : when 
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candidates are being selected for a well-organised 
training scheme, from which the necessary criteria 
for test validation can be obtained; when the 
operational situation permits the introduction of 
classification tests; when the production problem 
can be solved by aptitude tests ; and when facilities 
are or can be made available for the routine appli- 
cation of such tests. Personnel research deals with 
people, and for most purposes these people must be 
subjected to experiment. Laboratory investigation 
into certain problems encountered in field research 
projects has become urgent. Current research projects 
include personnel selection and classification for the 
Defence Forces ; a study of the factors determining 
fatigue and output among operatives in the clothing 
industry ; the construction of selection and classi- 
fication tests for operatives in the clothing industry ; 
an‘? standardization of the Wechsler—Bellevue intel- 
and achievement test for ex-volunteers in 
as well as some statistical 


ligonce 
shelter employment, 
projects. 

In the National Physical Laboratory instruments 
have been developed for logging temperature and 
radioactivity in boreholes under South African con- 
ditions and for determining very low concentrations 
of radioactive substances ; and a method has been 
developed for rapidly determining the elastic proper- 
ties of wool and other textile fibres, under dynamic 
conditions involving no permanent.set. Biological 
work was undertaken with phosphorus-32 as well as 
experiments on the action of hydrogen peroxide on 
bacteriophage, and an extensive survey of particle- 
size determination was made with the Geiger counter 
X-ray spectrometer installed in March 1948. A 
gravimetric survey of South Africa was in progress, 
and a seismic prospecting unit has been redesigned 
and modified. The Telecommunications Research 
Laboratory continued its work on the ionosphere 
and its effect on high-frequency radio communication, 
radio noise-levels, radar weather observations and the 
design of an automatic weather station. 

The account of the work of each Institute or De- 
partment includes a list of publications by members of 
the staff during the year. Lists of publications by 
holders of research grants during 1946-48 are 
appended to the report, together with the regulations 
governing the award of research bursaries and grants 
and lists of research awards made in 1946-48. 


FIFTY YEARS OF GENETICS 


“HE Genetical Society of Great Britain held its 
hundredth meeting in Cambridge during June 
29-July 1. It was also the thirtieth anniversary of 
the Society, founded by William Bateson in 1919, 
and the meeting was intended to be one with time 
and, possibly, atmosphere for taking stock of the 
past and looking at the future. This aim was sub- 
stantially attained. There were three addresses at 
the opening session, by Profs. Punnett, Sonneborn 
and Nachtsheim. The remainder of the meeting 
consisted of a small number of papers on work in 
progress at the Department of Genetics, Cambridge, 
and of a comprehensive demonstration, including 
visits to various Cambridge laboratories, of genetical 
research in Great Britain. A number of geneticists 
from abroad attended the meeting and most of 
the genetical societies of other countries were 
represented. 
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In his address on ‘The Early Days of Genetics” 
Prof. R. C. Punnett gave a vivid account of the crucial] 
period between 1900 and 1906 which witnessed the 
rediscovery of Mendel’s laws and the discoveries of 
linkage and the chromosomal basis of sex deterinin. 
ation. Prof. Punnett’s recollections were those of one 
who played a fundamental part in these develop. 
ments ; they constitute an indispensable record of 
the early history of genetics as seen by a member of 


one of the most active teams of those times. For. 
tunately, the full text will be published soon. Prof. 
Punnett described anecdotically the violent con. 


troversy between Bateson, who championed Mendel. 


ism and emphasized the role of discontinuous 
hereditary variation in evolution, and the _bio- 
metricians, led by Pearson, who stood for con. 


By 1910, Mendelism and dis. 
continuous variation had conquered. In retrospect, 
however, even in the vivid picture viven by Prof. 
Punnett, this controversy and iis outcome seem 
almost unreal. By 1930 the works of Fisher, Haldane 
and Sewall Wright had shown that the alternatives 
on which the battle had been fought were false ones, 
discontinuity in the cellular basis of heredity being 
compatible with continuous hereditary variation. 
The extraordinary development of Neo-Darwinism 


tinuous variation. 


which followed has led geneticists, systematists 
and paleontologists to talk almost the same 
language. 


If Prof. Punnett’s paper showed how -:rodern 
genetics is linked to the ideas and the re:narkable 
experiments of the early Mendelian timer, the 
address which followed on the “‘Role of the Cytoplasm 
in Heredity”, by Prof. T. M. Sonneborn, of the 
University of Indiana, left no doubt that these 
developments have led far and have opened wider 
new vistas. 

Prof. Sonneborn dealt with what have been called 
“cytoplasmic units endowed with genetical con- 
tinuity”. After summarizing the implications of his 
own work, now classic, on the inheritance of the 
‘killer’ character and of antigenes in Paramecium, 
he dealt with the inheritance of plastids in plants, of 
certain structures, like the parabasal body of try- 
panosomes in Protozoa, with viruses, etc. The picture 
arising from all these once unconnected fields is that 
of non-nuclear self-reproducing units—normal con 
stituents of the cells or parasitic—which have, in 
conimon with the genes, the properties of mutation 
and reproduction. Some of these structures have 
been shown to be dependent on a specific genetic 
constitution of the ‘host’ cell in order to be able to 
reproduce or mutate: so far, however, no conclusive 
evidence has been put forward of the existence of 
cytoplasmic units, which, besides being dependent 
on the genes of the ‘host’ cell for their reproduction, 
are actually initiated by the genes. Prof. Sonneborn 
warnec the embryoloj;isuc that such evidence is 
necessary before further speculation on the role of 
such purely hypothetical ‘plasma-genes’ in cell 
differentiation is permissible. 

The third address in the opening session of the 
meeting was by Prof. Nachtsheim, of the University 
of Berlin, on “Comparative Investigations on 
Hereditary Blood Diseases in Man and Animals”. 
This address dealt with one of the important trends 
in present genetics; namely, the use of mutants in 
the investigation of morphogenetic processes. In 
particular, Prof. Nachtsheim dealt with the Pelger 
anomaly (reduced segmentation of the leucocyte 
nuclei), which is shown by about one in a thousand 
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of the inhabitants of Berlin. This anomaly is inherited 
as a dominant, lethal in the homozygote but not 
affecting the expectation of life of the heterozygote. 
The same anomaly occurs in rabbits: here a few 
homozygotes survive and they show nc segmentation 
at all, and extreme chondrodystrophy with an array 
of secondary morphogenetic and functional dis 
turbances. 

[he demonstration of work in progress in most 
genetic laboratories in Great Britain, with visits to 
the Cambridge laboratories, included forty-three 
different lines of research. They rangea from the 
mapping of mammalian chromosomes to the bio- 
chemical genetics of bacteria and other micro- 
organisms ; from the developmental genetics of the 
mouse to the inheritance of human blood groups; and 
from experimental studies on the properties of nuclear 
membranes to the genetics of :eterostyly in plants. 
[It is quite impossible, of course, to go into details of 
this very impressive and comprehensive demon- 
stration. 

The meeting has certainly left in those attending 
it a vivid picture of genetics in its fiftieth year. 
Started as the somewhat detached, theugh extremely 
successful, study of what Muller calls the “dance of 
the genes”, genetics now occupies a key position in 
biology. The genetical approavh, that is, the study 
of sub-cellular ‘self-reproducing’ units, is now as 
essential to the understanding of heredity, variation 
and evolution as it is in bridging the gap between 
biochemistry and biology. At the level of these units, 
biological structure and biochemical activity tend to 
become one. G. PonTEecorRvo 


DEFENCE RESEARCH 
LABORATORIES, AUSTRALIA 


ANNUAL REPORT 


HE Munitions Supply Laboratories of the Com- 

monwealth of Australia Department of Supply 
and Development have now been re-named as the 
Defence Research Laboratories ; and the first annual 
report under that title*, covering the year ended June 
30, 1948, shows that the establishment is becoming 
recognized as the main Australian centre for the 
application of science and technology to the day-to- 
day problems of industry, whether for defence or 
civil production, as well as being the main standard- 
izing centre for the southern part of the Common- 
wealth. Long-term investigations represented about 
21 per cent of the work of the Laboratories, while 40 
per cent was for the Department of Supply and 
Development and Defence Departments, 23 per cent 
for other Government Departments or public bodies 
and 16 per cent for private industry. A new section 
for electricity and a crystal physics group were 
formed during the year. 

In the General Chemistry Section study has con- 
tinued on the use of organic titanium compounds in 
paint; methods of accelerated outdoor-expanse 
testing; the influence of seasonal variations of 
weather ; and the formulation of roof paints to suit 
Australian conditions. Studies are being made of 
the oil obtained from the Makita nut, available in 

* Commonwealth of Australia : Department of Supply and Develop- 
ment. Annual Report of the Defence Research Laboratories for the 


Year ended June 30, 1948. Pp. 46. (Marubyrning, Vie.: Defence 
Research Laboratories, 1949.) 
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large quantities in Fiji and New Guinea; as well as 
of methods of assessing the damage to wool caused 
by shrink-resistant treatments and of detecting and 
estimating damage to cotton fibres on exposure. A 
method has been worked out for the preparation of 
amylene, and advances have been made in the tech- 
niques of fractional distillation. 

In the Chemical Defence Section a considerable 
amount of work has been carried out on the determ- 
ination of airborne water droplets in a saturated 
atmosphere, on the factors governing the flow of 
gases through small orifices and capillaries, and on 
a eritical survey of chemical methods used for the 
determination of atmospheric contaminants, as well 
as a study of the protection afforded by the service 
respirator against a wide range of industrial con- 
taminants. The Metallurgy “A” Section was largely 
concerned with investigations on metal processing 
and the behaviour of metals in servic, while in the 
Metallurgy “‘B”’ Section radiographic examination of 
welded pressure vessels and the training of workers 
in industrial radiography have been important 
features. Long-term investigations in the Engineering 
Section have been concerned with the effects of 
surface treatments on fatigue characteristics of an 
alloy steel. The Physics Section surveyed formulz 
expressing the refractive index of optical glasses as 
a function of wave-length and investigated mass 
spectrometric and ionization-gauge methods of 
detecting leaks in vacuum systems. 

Inquiries received by the Technical Information 
Section markedly increased from 749 in the previous 
year to 1,288, of which alsaost half were from private 


industry. Some 36 per sont .° the inquiries related 
to chemistry and chemics owy, 22 per cent 
to physics and ermine 20 per cent to 
metallurgy. List yeaby hed « ves and lectures 
and of con:m*’ wm Which the s2if of the Labora- 
tories have = a appende:, but the report does 
not deal wit i: fider.tial work ‘or the Armed Services. 


SUGAR RFST4 20H FOUNDATION 
ANNUAL REPORT 


HE Suger Research Foundation, which is an 

organisation supported by the great majoi ‘ty of 
both cane- and beet-sugar producers and refiners of 
United States territories, has recently issued its sixth 
annual report*. This document, prepared by the 
scientific director, Dr. Robert C. Hockett, enumerates 
the research projects, both those completed and in 
progress, which have been sponsored by the Found- 
ation, and briefly describes the results so far obtained. 
The numerous investigations are concerned with 
sugar (sucrose) in relation to dentistry, physiology, 
nutrition, botany, biology and pharmacy, as well 
as the organic and physical chemistry of the 
substance. 

The Sugar Research Foundation was organised to 
sponsor and to stimulate research on sugar and to 
disseminate information about it. The way in which 
the Foundation has organised research on sugar is 
strikingly demonstrated in its latest report, which 
describes no fewer than fifty-nine projects that 
either have been, or are still being, undertaken in 


* Research in Review. Sixth Report, 1949. (New York : 


Sugar Research Foundation. Inc., 1949.) 


Pp. 44. 
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American universities or government laboratories. 
The magnitude of this effort may also be gauged by 
the fact that the annual budget of the Sugar Research 
Foundation has been well over 500,000 dollars for the 
past three years. A perusal of the research projects 
shows that marked emphasis is being put on nutri- 
tional and physiological aspects of research on sugar. 
Dr. Hockett, in his preface to the report for this 
year, gives a reason for this when he reminds his 
readers that the sugar industry is one of the largest 
of the food industries, and that sugar, grown either 
as cane or beet, provides more calories per acre than 
any other foodstuff. 

Since it is a function of the Sugar Research 
Foundation to develop the potential of sugar as a 
raw material for industry, several topics dealing with 
the protluction of chemicals from sugar are included 
in the projects being studied. It is interesting to 
note that one derivative of sucrose, allyl sucrose, 
shows marked promise of usefulness as a varnish-type 
coating possessing high resistance to solvents and 
temperature. The importance of the fermentation of 
sucrose and molasses is recognized, inasmuch as 
several projects deal with fundamental studies on the 
growth of various micro-organisms on molasses and 
on organisms which produce fats from carbohydrates. 
Enzymes, such as invertase, receive special attention. 
Of the topics dealing with physiological aspects, that 
dealing with the absorption of sugars (glucose, 
fructose and sucrose) from the stomach and small 
intestine would seem to be of considerable importance ; 
it is found that, contrary to ‘orthodox physiology’, 
there is a marked difference in the behaviour of these 
three substances in the stomach, so much so that 
diabetic patients fed on a sucrose diet can tolerate 
more carbohydrate than those fed on a glucose diet, 
and it was found possible to reduce the insulin 
requirements of the former group. Use is also being 
made of radioactive elements in studying the decom- 
position of sugars in the animal body and in investi- 
gating the formation and degradation of sucrose in 
plants. 

In carrying out its function of disseminating 
information on sugar, the Sugar Research Foundation 
has rendered an invaluable service to workers in the 
sphere of carbohydrate research by the publication 
of its scientific and teehnological reports, which 
so far have reviewed seventeen important fields of 
study. 


FOREST RESEARCH IN 
SWEDEN 


HE reports of the Forest Research Institute of 

Sweden for 1948-49* contain some interesting 
articles, among which may be mentioned: “Solid 
volume in stacked pulpwood of pine and spruce 
(length of sticks 2 and 3 metres) and the volume of 
solid rough wood (with bark) in relation to stacked 
volume”’, by Bo Eckland; “Studies on the biology 
of the Phacidium blight (Phacidium infestans, Karst) 
and its prevention”, by Eick Bjorkman; “A quick 
method of determining the germinality of pine and 
spruce seed’’, by Lars Tirén; “The sensitivity of 
some wood and meadow plants to sodium chlorate’’, 


Band 37, 
Statens Skogsforskningsi ustitut, 


* Meddelanden frin Statens Skogsforskningsinstitut. 
1948-1949. 
1949.) 


Pp. 676. (Stockholm 


14 kr. 





NATURE 





December 31, 1949 Vol. iss 


by Ake Domeij; and “The National forest survey 
of the province of Kopparberg carried out in 1933 
and 1934”, by Erik Hagberg. 

There are two other papers which are perhaps of 
considerable professional interest to British Empire 
foresters. The first is by Ake Wiksten, “On some 
factors of importance for the sowing result and 
preliminary results from some experiments with 
covered patch sowing”. The author discusses this 
investigation as follows. When sowing is carried out 
in places that are to a particularly high degree 
exposed to a scorching sun and withering winds or in 
which the structure of the soil is of a quality likely 
to conduce towards soil-lifting through frost, special 
arrangements should be made in order to mitigate 
the influence of the damaging phenomena. The best 
sowing method from a physical point of view is 
termed covered patch sowing and is carried out in 
the following way. The humus cover is removed and 
the surface of the mineral soil is scraped clean, after 
which the seeds are spread and the seed spot is 
trodden smooth. It is afterwards covered with a 
layer one-fifth of an inch deep (} cm.), consisting of 
a@ suitable organic material, for example, ant-hil] 
litter, peat litter (peat moss), powdered mud-peat, 
rubbed humus or sawdust ; as an alternative, spruce 
branches, or branches of a similar covering capacity, 
can be used as cover. The investigation has shown 
that this type of cover affords a good protection 
against drought. Thus when sawdust or ant-hill 
litter was used, the number of plants per seed spot 
showed a considerable increase (60—100 per cent). 
The results of the investigation should prove of con- 
siderable advantage when sowings of this type are 
made in tropical countries. 

The other paper, entitled “The distribution of the 
valuable broad-leaved species over site classes in 
Halland, Skane and Blekinge according to the 
national forest survey 1945-1946”, is by Charles 
Carbonnier. This investigation is based on a national 
survey of the forest regions which has been already 
made, the aim being to study the distribution over 
site classes of stand types containing oak, beech and 
ash in Halland, Skane and Blekinge. The results can, 
on one hand, give rise to certain conclusions con- 
cerning the question as to how far the site require- 
ments of the various tree species can be considered 
to have been met, and, on the other, form the 
basis of a discussion of the general conditions pre- 
requisite for the production of valuable broad-leaved 
species within the area investigated. The main results 
of the investigation may be summarized as folows. 
(1) The site requirements of beech and ash seem to 
have been reasonably well fulfilled. Their appearance 
seems to be chiefly borind to good soils. (2) Oak 
appears with approximately the same frequency in 
all site classes. It is most weakly represented in site 
class 1, however. (3) Fully half the areas covered 
with cak in pure stands and mixed with birch are 
accounted for under woo ded-pasture land. (4) The 
distribution by area of the various site quality classes 
over stand types indicates that there is room for an 
extended production of valuable broad-leaved species 
within the higher site classes. 

The Forestry Commission has been undertaking a 
national forest survey in Great Britain. In the 
interests of extending the areas of the valuable hard- 
wood species of the country, an investigation in the 
suitable hardwood areas of Britain on the lines of the 
one carried out by Charles Carbonnier in Sweden 
should prove of high importance and value. 














survey 


n 1933 


1aps of 
empire 
1 sOMme 
It and 
} With 
ss this 
ed out 
degree 
3 or in 
likely 
special 
itigate 
e best 
ew is 
jut in 
d and 
after 
0t is 
‘ith a 
ing of 
it-hill 
-peat, 
pruce 
acity, 
hown 
ction 
1t- hill 
spot 
ent). 
 con- 
BP are 


f the 
Ss In 
the 
arles 
ional 
eady 
over 
and 
can, 
con- 
uire 
ered 
the 
pre 
aved 
sults 
Ows. 
n to 
ance 
Oak 
y in 
site 
ered 
are 
The 
SSeS8 
r an 
C1ES 


ig a 
the 
ard- 
the 
the 
den 





















No. 4183 1949 
LETTERS TO THE EDITORS 
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The Rehbinder Effect 

REHBINDER and his colleagues have recorded in a 
series of papers’ that surface-active liquids, brought 
into contact with the surface of metais, in particular 
of single crystals, markedly diminish the mechanical 
strength. In Nature recently*, D. S. Kemsley, trying 
to obtain the effect, described experiments on single 
crystals of tin which gave negative results throughout. 
When noted research workers obtain completely 
different results, it seems likely that certain differ- 
ences in conditions must be responsible. 

In this laboratory, we have long been familiar* with 
the effect of surface contaminations, in particular 
oxides, in raising the critical shear stress and, in 
general, mechanical resistance under like conditions 
of strain in single crystals. It seemed possible that 
the attack of the surface-active substance on a 
strengthening oxide layer might be responsible for 
the Rehbinder effect. Accordingly, the effect of a 
0-2 per cent solution of oleic acid in non-polar par- 
affin, which Rehbinder found to be particularly 
effective, was tried, with cadmium single crystals, 
on (1) erystals in which the surface had been rigor- 
ously cleaned by thermal evaporation in vacuo ; (2) a 
erystal in which the surface had been deliberately 
oxidized by heating in air; (3) a crystal of which the 
surface had been deliberately oxidized and then 
washed successively with decinormal hydrochloric 
acid, distilled water, decinormal sodium hydroxide 
and distilled water; (4) a crystal of which the sur- 
face had been contaminated by being left in thé open 
in the laboratory for several months. The method 
of experiment was to subject the crystal to stress 
which produced a very small rate of flow, and then, 
after some minutes, to pour the liquid around the 
crystal. With (1) no effect was obtained, the crystal 
continuing to flow at an unchanged rate; with (2) 
there was, after an hour or so, a marked increase in 
rate; with (3) there was a similar effect, with the 
increase in rate occurring slightly earlier; with (4) 
there was, after 45 minutes, an increase in rate which 
soon led to a rate twelve times the original. 

These experiments seem to indicate that tiw 
Rehbinder effect is due to a disintegrating action 
of the agent on the oxide film, which in its original 
condition strengthens the crystal, and not to any 
penetration of the liquid deep into the crystalline 
microcracks, as supposed by Rehbinder. This action 
takes some tens of minutes to establish an effect. 
The slowly formed oxide layer at atmospheric tem- 
perature appears to be more effective than that 
deliberately and quickly produced, which is easily 
understandable. Mr. M. J. Makin and the senior 
signatory are at present looking into the effect with 
lead single crystals, and trying to obtain an electrical 
effect of the kind recorded by Rehbinder. 


December 31, 


E. N. pa C. ANDRADE 
R. F. Y. RANDALL 


Department of Physics, University College, 
London, W.C.1. Nov. 11. 


Rehbinder and whinov, Dok. Acad. Sci. U.S.S.R., 30, 491 (1941). 
Rehbinder, Lichtman and Maslennikov, ibid., 32, 125 (1941) 
Lichtman and Rehbinder, idid., 32, 130 (1941). Rehbinder and 
bd yg Bull. Acad. Sci. U.S.S.R.. Ser. Phys., No. 4/5, 531 (1937). 

ag Nature, 163, 404 (1949). 

Roscoe, Phil Mag., 21, 309 (1936). Andrade, E. N. da C., 

kk, "164, 536 (1949). Andrade, E. N. da C., and Randall, 

R. F. ¥., Nature 162. 890 (1948) 
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InN non-cubic crystals the rate of seif-diffusion 
can be expected to depend on the crystallographic 
direction parallel to which the diffusion 1s measured. 
Although the determination of this anisotropy is of 
interest for the theory of diffusion, experiments have 
so far only been carried out on bismuth! and zinc? 
crystals. The measurements made on zinc are not 
of high accuracy and their evaluation is open to 
doubt. The relation between the diffusion coefficient 
measured in a direction at an angle 9 to the principal 
axis and the diffusion coefficients parallel (D-) and 
at right angles (Da) to this axis is 


D = D, cos? 6 + D, sin? 6. 


We have measured the rate of diffusion in single 
crystals of white (metallic) tin which has a body- 
centred tetragonal structure. A thin layer of the 
radioactive isotope tin-113 was plated on to a flat 
face of a single crystal of known orientation. The 
plated specimen was heated for a measured period 
(1-2 days) at a constant temperature in the range 
180-225° C. The surface of the crystal parallel to 
the diffusion direction was then removed to eliminate 
surface diffusion effects. Thin layers parallel to the 
diffusion interface were cut off with a microtome and 
their activity measured by means of a Geiger counter. 
The diffusion coefficient for each specimen was 
obtained by plotting the logarithm of concentration 
against the square of the depth of the layer, which 
method follows from the solution of the diffusion 
equation for the boundary conditions applicable. 


Self-Diffusion in Tin Crystals 


Table 1 
Diffusion-rate (in cm." sec.~*) 
Temperature De, D, 
180-5° C. 5-5 0-2 x 190°" 99+0°3 x 10°"! 
223-1° C. 9-6 0-3 x 10” 26-8 + 09 x lo" 


From a number of values of D at constant tempera- 
ture on crystals of different orientations, Dg and D, 
were obtained using the above relation. Some of 
these values are given in Table 1. These values show 
the diffusion-rate to be an anisotropic property, the 
ratio D-/Dqa being about 2 at 180°C. and about 3 
at 223°C. In the range of temperatures investigated, 
log D- and log Dg are linear functions of 1/7. If 
extrapolation to lower temperatures is allowed, Dz, 
and D, become equal at approximately 125° C., and 
below this temperature diffusion parallel to the tetra- 
gonal axis becomes slower than at right angles to it. 

It is usual to interpret the slope of the straight 
line in the log D v. 1/7’ plot as the activation energy 
for diffusion Q divided by the gas constant R, and 
the intercept with the ordinate axis as a temperature- 
independent constant A. The values shown in Table 2 
were obtained for A and Q. It should be noted that 
the larger A value accompanies the larger Q value, 
as is also the case for bismuth. 


Table 2 
Parallel to 
Constant a-axis c-axis 
A (cm.* sec.~*) ‘7+1'5 x 10° 84+ 30 10-* 
Q (cal./gm. atom) so 2 0- 4 x 10° 1052+ 0°5 x 10° 


An explanation of the anisotropy in terms of the 
mechanism of diffusion does not yet seem possible. 
The ratio A-/Aq ~ 10‘ certainly cannot be explained 
by the different jump distances in the c- and a- 
directions, but a qualitative consideration similar to 
that given by Huntington’, for the case of zinc, may 
also be justified in our case. A consideration of the 








1128 


configuration of the atoms in the structure of tin 
shows that a diffusing atom will be obstructed by 
four neighbours if moving in the a-direction and by 
two neighbours if moving in the c-direction. Since 
diffusion in the c-direection depends on two atoms 
being favourably displaced from their equilibrium 
positions, and diffusion in the a-direction requires 
a favourable displacement of four atoms, jumps 
parallel to c can occur more frequently. It should 
be emphasized, however, that this discussion of the 
temperature-independent factor A leads to diffi- 
culties in accounting for the anisotropy of the activa- 
tion energy for which no explanation can be suggested. 

This work forms part of the general programme 
of research of the Division of Tribophysics, Common- 
wealth Scientific and Industrial Research Organisa- 
tion. 


W. Boas 
Division of Tribophysics, 
Commonwealth Scientific and 
Industrial Research Organisation, 
University of Melbourne, N.3. 
P. J. FENSHAM 


Chemistry Department, 
University of Melbourne, N.3. 
Aug. 2. 
‘ Seith, W., Z. Blektrochem., 39, 538 (1933). 
* Miller, P. H., and Banks, F. R., Phys. Rer., 61, 648 (1942) 
* Huntington, H. B., Phys. Rev., 61, 325 (1942). 


Crystal Structure of Hollandite 


HOLLANDITE, cryptomelane, coronadite and «-MnO, 
form an isostructural series of the general formula 
1, »B,.2X,,, A being large ions such as Ba**, Pb** 
and K*, B small and medium-sized ions such as 
Mn‘*, Fe** and Mn**, and _ X, in the cases investigated, 
O*- and OH~ ions. The unit cell, which contains 
one formula unit, is tetragonal or pseudotetragonal, in 
the latter case monoclinic. Approximate dimensions 
of the tetragonal unit cell are a = 9-8 A. and c 
2-86 A. When deformed, the short axis will be the 
b-axis of the monoclinic cell. The deviation of 6 
from 90° is 0-5—-1-5°, and the difference a — c is ()-1- 
0-2 A. The space group of the tetragonal cell is 
Cyt—I 4/m and the atomic positions are: 
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Structure of hollandite projected on (001). Filled circles denote 
ions at ¢c = } and open circles ions at ¢ = 0 
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For a specimen of hollandite the parameters were 
calculated to be : 

z, = 0°348 t, = 0°153 rt, = 0-542 
¥, = 0-167 ¥ = 0-180 Ms = 0°167 

The A ion is surrounded by eight oxygen ions at a 
distance of 2-74 A., forming a cube, and at a greater 
distance (3-31 A.) by four oxygen ions forming a 
square at the same level as the A ion. The B ion is 
surrounded by six oxygen ions forming an octa- 
hedron, and has a mean distance of B—O= 1-97 A. 
(see diagram). 

In the cases investigated, the variable y in the 
general formula varies from 0-8 to 1-3 and =z from 
0-1 to 0-5. 

A detailed report 
published elsewhere. 


of the investigation wil! be 


ANDERS BysTROM 
Institute of Physical and Inorganic Chemistry, 
University of Stockholm. 
ANN Marre BystrO™ 
Geological Survey of Sweden, 
Stockholm 50. 
July 25. 


Meyer Analysis of Metals 


WHEN a ball is pressed into a plane metal surface, 
it has been shown! that the relation : 


L adn l 


holds between the load L (kgm.) and d (mm.) the 
recovered diameter of the impression in the material 
Both n (Meyer index) and a are constants which are 
dependent upon the material and its condition 
(annealed, cold-worked, etc.). The constant a also 
depends upon the size of the ball, whereas n does not. 
For different ball diameters (D) on a given materia! 
in @ particular condition, it has been found?® that 


aDn-= 

The Meyer hardness P» is defined as the load on 

the ball divided by the projected area of indentation. 
From equation (1) 


constant. 2 


Pa : 44 in -2, 3) 
This may be written : 
4aDn-2 /d\n-? 
> . 4 
Pm 3 \D/ 
> 


> 
From equation (2), = constant. Pm» has the 


dimension of a stress, and d/D is analogous to a strain 
From equation (4) P» is seen to be a function of 
the shape of the impression. To eliminate this de- 
pendence, the special value P, (ultimate ball hard 
ness) which P, takes when the ball is forced in to its 
equator has been suggested? as the best value to 
represent the hardness of a metal in a particular 
condition 
4aD" -2 


Py : 

For materials which do not work-harden, for 
example, ‘Plasticine’, m = 2. For metals in general 
n is greater than 2. Previously published work on 
Meyer analyses has shown that for all metals tested, 
with the possible exception of magnesium, P,, in- 
creases as n decreases, that is, there is a negative 
correlation (r) between P, and n. The correlation 
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Correlation coefficients between n and P, 
Cc af »flicient P 
: orre lation coefficie ni Le 7 Anisotropy 
Metal Structure $ ; 95% factor | Reference 
Value No. of points Confidence band max. — min 
upper limit lower limit Qmean 
Fe B.C A 0-265 26 0°363 0-037 0 3 
Cu F.C. 0-842 (28) 0-926 0 680 0 4.5 and 6 
Al F.CA 0-779 7 0-967 0-042 0 6 and 2 
Duraiumin F.CA 0-586 5 0-970 0-631 0 6 
68/32 brass F.C.C, 0-005 5 0-889 0-887 0 6 
Mg alloy C.P. Hexagonal 0-027 6 0-828 —0°810 0-053 7 
{ Orthorhombic 0-989 30 0-995 0-976 2-106 
Sn Tetragonal 0-416 23 0-434 0-021 0-732 
Zn C.P. Hexagonal! 0-759 9 0-961 0-029 1 622 
lia Orthorhombi« 0-046 5 0-994 0-602 1-005 


cofficients calculated from published data are given 
in the upper part of the accompanying table. 

{ total of thirty Meyer analyses has recently been 
made on samples of uranium taken from the same 
bar but worked in different ways. It has been found 
that Meyer’s equations (1) and (2) are obeyed. The 
correlation coefficient for uranium between n and P,, 
is, however, positive (lower part of table). 

The difference in sign of correlation coefficient 
between uranium (and magnesium) and the other 
materials may be attributed to the fact that the 
former elements are not cubic in structure, whereas 
the latter are. If this is so, then the correlation 
coefficient for gamma uranium, which is cubic, should 
be negative, and the correlations for tin, zine and 
gallium, which are not cubic, should be positive. 

The experimental values of r for tin, zine and gall. 
ium are given in the lower part of the table. It was 
confirmed that Meyer’s equations held for these 
materials, and the signs of the correlation coefficients 
were as forecast. Three preliminary Meyer analyses 
strongly indicate that a negative correlation will 
exist for gamma uranium. 

Qualitatively, the results are consistent with the 
suggestion that the correlation coefficient between n 
and P, varies with the symmetry of the crystal 
structure. A quantitative measure of plastic aniso- 
tropy in metals was sought, but adequate data were 
not available. Since thermal expansion and com- 
pressibility are related, the anisotropy of thermal 
expansion has been assumed to be a measure of the 
anisotropy of compressibility. The assumption is 
inadequate to discriminate between the cubic 
materials which are isotropic for thermal expansion. 
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In the accompanying graph the correlation co- 
efficient is plotted against expansion anisotropy Aa, 
defined as the ratio (amax. 2min.)/2mean- This 
shows that r increases from negative to positive 
values as Aq increases from zero. 

Previous workers who have used Meyer analysis 
for exploring the behaviour of materials have confined 
their attention to cubic structures. This has led to 
an impression that the Meyer index n and ultimate 
ball hardness P,, are invariably negatively correlated. 
Presumably for this reason, and because of the formal 
similarity of equation (4) to a stress-strain curve, 
(n — 2) has been interpreted as a measure of the 
work-hardening capacity of a material*. The present 
work has shown that » and P, are positively corre- 
lated for non-cubic metals, the value of the correlation 
coefficient increasing with increasing anisotropy. This 
suggests that the generally accepted physical sig- 
nificance of n should be reconsidered. 

H. M. Frxniston 
E. R. W. Jones 
P. E. MADSEN 
Metallurgy Division, 
Atomic Energy Research Establishment, 
Harwell, Berks. 
Aug. 10. 
' Meyer, Z., V.D.I., 645, 750, 835 (198). 
* O'Neill, ‘““The Hardness of Metals 2.0d its Measurement” (London 
* Pfeil, Carnegie Schol. Mem., 16, 153 (1927). 
* Norbury, J. Jnst. Met., 29, 407 (1923). 
* O'Neill and Cuthbertson, J. Inst. Met., 46, 273 (1931). 
* Schwarz, Forschungsarbeiten (1929). 
* Jones, E. R. W., unpublished work. 


Periods and Eccentricities of Close Binary 
Stars 


EXAMINATION of the material in the Fifth Lick 
Catalogue of spectroscopic binaries, recently pub- 
lished by Moore and Neubauer’, reveals a definite 
relation between periods of revolution P and eccentric- 
ities of orbits e for binaries with short periods if their 
components belong to the main sequence of stars. 
The accompanying diagram includes systems with 
spectral type of main component B9 to A7, each 
system being shown as a point with co-ordinates 
(log P,e). In Fig. 1 are plotted binaries with two 
visible spectra, the mass of secondary exceeding two- 
thirds of the mass of primary (dots). Some few 
eclipsing variables with equal components and photo- 
metrically measured eccentricities are added (tri- 
angles). Figs. 2 and 3 contain systems of binaries 
with one visible spectrum, the average masses of the 
secondaries ranging from about one-half (Fig. 2) to 
about one sun mass (Fig. 3). 
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Relations between periods and eccentricities for binaries with 

chief components of spectral classes BY — A7. Abscisse~ logarithms 

of periods of revolution, log P. Ordiaates: eccentricities of orbits, 

é. (1) Systems with nearly equal components ; (2) systems with 

mass function f .< 0-02 sun mass; (3) systems with mass function 
f > 0-02 sun mass 


The diagrams show the surprising fact that the 
systems split up into two groups of orbits, for each 
of which the relation between periods and eccentric- 
ities is rather definite. The groups may be called « 
and 6. Proceeding to later spectral types of chief 
components, the systems of group a decrease and are 
not found among spectral types later than F’7. 

It is suggested that the systems of the two groups 
contain different types .of A-stars. From systems 
with two visible spectra a systematic difference of 
the average masses of these different types is indicated, 
the components of systems of group a having average 
masses of 1-5 that of the sun (nm = 9) and those of 
group 5 2-1 that of the sun (n 22), for the same sub- 
class Al. The hypothesis of equilibrium between two 
forces, one tending to enlarge, the other to diminish, 
the eccentricities of orbit put forward by me in 19392, 
affords a reasonable explanation cf the observed facts. 
According to this hypothesis, the cbief difference 
between the two sorts of A-stars can be attributed to 
differences in the strength of the tendency causing 
the rotation of the equatorial regions to be different 
from that of those parts of the stars lying near the 
rotational axis. 

A detailed account of this investigation will be 
published soon. 

Kurt WALTER 

Steinheim a.d. Murr, 

Ww urttemberg. 
Sept. 29. 
' Lick Obs. Bull., 521 (1948). 


* Viert. Astr. Ges., 74, 261 (1939); Z. 
and 23, 24 (1944). 


Astrophys., 19, 157 (1940) 
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Pleistocene Deep Weathering 


T. C. Phemister and 8. Simpson have performed 4 
very useful service in recording deep weathering of 
granite under comparatively unweathered glacial 
deposits, as exposed during the cutting of a new 
drainage system in Aberdeen city’. They refer to 
other examples of the same kind, which, they say, 
occur “at a large number of scattered localities in 
north-east Scotland”. It is much to be hoped that 
they will follow up this strangely neglected topic. 

The most striking display of which I know is given 
by the Strath Hallidale injection complex of east 
Sutherland, where ‘“‘a very remarkable feature of the 
Suisgill district is the extent to which preglacialiy 
weathered rock has escaped erosion’’*. I had a good 
chance of examining the Suisgill exposures during a 
visit of the International Precambrian Association in 
August, 1934. Later the same year, during the 
British Association meeting at Aberdeen, I saw the 
phenomenon repeated, though on a comparatively 
small scale, at the famous Bay of Nigg. This year, 
during the British Association visit to Newcastle, we 
were shown at Tynemouth a mass of sandstone blocks 
separating solid sandstone below from boulder clay 
above. We were told that this mass had been broken 
up by the ice responsible for the boulder clay ; but, 
as it had no resemblance to boulder clay, and the 
closest possible resemblance to ‘head’, such as is 
commonly found in unglaciated districts, I question 
the interpretation. Moreover, in other parts of the 
Newcastle district unweathered boulder clay overlies 
ochre beds representing chemically weathered lime- 
stones. Farther south, too, in Yorkshire, boulder 
clay can be seen resting on chalk rubble, again of 
‘head’ character. I refer, for example, to the chalk 
rubble which overlies the well-known preglacial 
raised beach at Bridlington. 

The general weakness of east coast glaciation as 
compared with that of the west has attracted the 
attention of many Scottish geologists. It is commonly 
recognized as due in large measure to restricted snow- 
fall in the east. It must also, at certain stages, have 
been exaggerated by the proximity of Scandinavian 
ice, which would tend to impede the run off of the 
British contribution. 


December 31, 


E. B. BarLey 
19 Greenhill Gardens, 
Edinburgh. 
Nov. 12 


* Nature, 164, 318 (1949). 
* Geol. Mag., 71, 553 (1934). 


Exchange of Oxygen-I8 Between Oxides and 
Gaseous Oxygen 


THE communication by J. A. Allen and I. Lauder’ 
is of interest to us since we are also making an exam- 
ination of such reactions. It was anticipated that 
this work would throw some light on the nature and 
reactivity of solids and solid surfaces ; this expecta- 
tion has been realized. 

Our isotope analyses are being carried out by means 
of a mass spectrometer, so that very small samples 
of gas are required; this facilitates a detailed in- 
vestigation of the kinetics. The method used was 
to outgas a sample of oxide at a temperature of 
450° C. or higher for some 14 hr. and then to add a 
known quantity of oxygen gas containing about 
1-2 per cent of oxygen-18: a very fine capillary 
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leak connected the reaction vessel to the ionization 
region of the mass spectrometer, and thus a continuous 
record of the change of oxygen-18 content of the gas 
with time was obtained. The quantities of gas bled 
off from the reaction system for purposes of analysis 
were small, being about 10~* gm. of oxygen per hour ; 
thus the concentrations of the two reactants remained 
sensibly constant throughout each run. 

The exchange reactions we have measured are all 
first order with respect to concentration of oxygen-18, 
as indeed all simple isotopic exchange reactions should 
be (cf. H. A. C. McKay*). We have examined in 
some detail the exchange reactions of magnesium 
oxide and chromium trioxide using oxygen gas 
pressures between 4 and 14 cm. of mercury. We 
quote here a few results obtained with magnesium 
oxide. Fig. 1 shows a plot of a typical experiment ; 
the exchange reaction clearly falls into two parts, 
one fast, AB, and the other slow, BC. The former 
might plausibly be exchange with the oxide surface, 
and the latter might be due to slow diffusion into 
the lower layers of the oxide.. By extrapolation of 
BC back to the point D, we can separate roughly 
the two reactions and hence obtain a first-order plot 
such as is shown in Fig. 2. Table 1 shows the first- 
order velocity constant so obtained to be independent 
of oxygen gas pressure for magnesium oxide over the 
pressure range studied; this is also the case for 
chromium trioxide. 

From the amounts of oxide and oxygen used, the 
initial oxygen-18 content, and that at D (Fig. 1), it 
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Fig. 2. Experiment 3. 7 = 507°C. 
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Table | 


Pressure (mm. Hg) 


| Velocity constant at 492° C. (min.~*) 


40°7 0 -0283 


79°7 0-0290 
83-5 } 0 -0292 
147-3 0 -0286 


is possible to calculate the amount of ‘surface’ ex- 
changeable oxygen which takes part in the reaction 
A—B. We find that the velocity constant and ‘sur- 
face’ oxygen concerned with the portion A—B vary 
considerably with the previous heat treatment of the 
oxide and with the temperature at which the reaction 
is studied. From the surface oxygen determined as 
above, we can calculate the approximate figure for 
the ‘reactive surface area of the oxide’ assuming the 
reactive oxygen to be spread as ions one layer deep, 
and using a diameter of 1-4A. We find that the 
surface areas so obtained are of the same order as 
those calculated from low-temperature nitrogen 
adsorption isotherms by the Brunauer, Emmett and 
Teller method, provided the samples have had a 
similar heat treatment. Some figures are given in 
Table 2. The fact that such parallelism exists between 
the two methods is added evidence that the fast 
reaction is concerned with, and is probably character- 
istic of, the surface. 

Table 2 


Surface area (sq. metres/gm.) 
Heat treatment Ia ae 











Nitrogen 

adsorption Oxygen exchange 
400-500° C. for 14 hr. 61-9 27-5-68 4 at 450-500° 
640° C. oe -. ae - 18-7 »» 460° 
750° C. ee - 10°1 »» 460° 
860° C. oh 21°8 2-76 »» 460° 


Qualitative examinations have been made of the 
exchange reactions with aluminium, thorium, titanium 
and zinc oxides, and the exchange of nitrogen-15 
between nitrogen and magnesium nitride is under 
examination. A fuller account of this work is in 
course of preparation. 

G. Hovucxuton 

E. R. S. WINTER 

Chemistry Department, 
Imperial College of Science and Technology, 
London, 8.W.7. 
July 27. 

* Nature, 164, 142 (1949). 
* Nature, 142, 997 (1938). 


Preparation of Mono-Halogen Substituted 
Compounds of Sulphur Nitride 


DeMARGAY! first prepared the compound §,N,C] 
from sulphur nitride, S,N,, and sulphur chlorides. 
Muthmann and Seitter* later reported its formation 
by refluxing sulphur nitride with acetyl chloride. 
The latter preparation was repeated, diacetamide and 
sulphur dioxide being found as by-products. 

The effect of a current of dry hydrogen chloride 
on a saturated solution of sulphur nitride at room 
temperatures was then investigated, and it was 
found that in the presence of a trace of moisture a 
very rapid reaction took place. A reddish-brown 
substance was precipitated after three to four min- 
utes, and gradually changed during the next ten 
minutes to a pale yellow equimolecular mixture of 
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S,N,Cl and ammonium chloride. . The (8,N,)* radical 
could be separated from this by dissolving the mixture 
in water and precipitating the insoluble 8,N,I by 
potassium iodide. 

The decomposition of the red precipitate to form 
the chlorine-substituted compound is_ evidently 
catalysed by hydrogen ions, for if no trace of water 
is present the reaction will not continue past the 
intermediate red precipitate stage. A volatile 
oxidizing agent, some of which is carried over in the 
current of hydrogen chloride, is formed during the 
reaction. This could be explained by a reaction such 
as the following: 


, H+ 
SN, + 4HCl —— 8,N,Cl, NH,Cl; + Cl,t. 
It was reported by Demargay'* that chlorine com- 
bines with sulphur nitride, and if allowance is made 
for reaction between the liberated chlorine and 
unchanged sulphur nitride, then the yields are 
approximately theoretical. 

The formation of S,N,Cl from sulphur chlorides 
and acetyl chloride is therefore apparently due to 
traces of hydrogen chloride which are always present 
in these liquids, and not to any specific property of 
the reagents themselves. In this case, the replaced 
nitrogen is removed not as ammonium chloride but 
as diacetamide. Hydrogen bromide and hydrogen 
iodide also appear to react with sulphur nitride, 
under similar conditions, to give precipitates of 
S,N,Br and S,N,I respectively. 

From this it would appear that the constitution 
of sulphur nitride and its mono-halogen substituted 
compounds must be similar, for the replacement, as 
shown, takes place readily under very mild con- 
ditions. 

Research is still taking place on this subject. I wish 
to thank Mr. A. D. Monro for his invaluable assistance 
and active interest in this work. 

A. G. MacDraRMID 
Chemistry Department, 
Victoria University College, 
Wellington, N.Z. 
July 14. 

' Demarcay, C.R. Acad. Sci., 91, 854, 1066 (1880). 
*Muthmann and Seitter, Ber., 30, 627 (1897 

Demarcay, C.R. Acad. Sci., 92, 726 (1881). 





A New Method for the Separation of 
Hydrocarbons by Selective 
Adsorption 


Tue separation of hydrocarbons can be effected by 
different methods, for example, crystallization, dis- 
tillation and solvent treatment. A particular type 
of the last method is that of fractional precipitation 
from solution in light hydrocarbons such as propane 
by the use of methane and other gases under high 
pressure’. 

Recently selective adsorption has become of in- 
creasing importance as another method for the sep- 
aration of different groups of hydrocarbons contained 
in mineral oil fractions’. Analytical methods of this 
type have been elaborated for testing gasolines*, and 
attempts have been made to separate lubricating 
mineral oils using the principle of chromatography. 
Allibone percolated a solution of mineral oil in light 
petroleum through a column of silica-gel and collected 
about twelve fractions differing in specific gravity‘. 
Similar results were obtained at the same time in 
Germany, fullers’ earth being used as adsorptive 
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material’, The characterization of the composition 
of mineral oils by these methods must be regarded as 
inadequate, as there is no clear demarcation between 
the fractions obtained. 

I have also investigated the resolution of minera} 
lubricating oils by selective adsorption. The method 
has been improved and new principles for the rapid 
characterization of different hydrocarbons have bee 
found. It enables clear-cut fractions to be obtained 
representing different groups of compounds. he 
results obtained may be compared to some extent 
with fractional distillation of high efficiency, a broken 
curve being their graphic representation. 

The important new feature of this work is the use 
of an indicator which, when deposited on silica-gel, 
produces a colour reaction with hydrocarbons con 
taining an aromatic nucleus.  Trinitrobenzene 
trinitrotoluene, trinitrophenol and many other 
nitro compounds may be used as _ indicators 
At the moment, trinitrobenzene has proved to be 
the most useful indicator ; when deposited on silica 
gel it produces a colour in contact with the solution of 
most aromatic hydrocarbons. This reaction is ver, 
sensitive, and the colour produced is the result of the 
formation of the addition product between the hydro. 
carbon and nitro compound. The colour is dependent 
mainly on the structure of the hydrocarbon and 
varies from yellow to dark red or violet. About thirty 
pure hydrocarbons and twenty different nitro com 
pounds have been examined for this reaction, and a 
relationship roughly established between constitutior 
and the colour produced. 

This new colour reaction on the surface of silica- 
gel can be usefully applied not only for quick char. 
acterization of different hydrocarbons but also for 
very sharp resolution of some hydrocarbon mixtures 
on the chromatographic principle. Characteristi: 
colours of different hydrocarbons can be observed 
during the percolation of mineral oil dissolved in 
light petroleum, for example, n-hexane, when silica- 
gel containing trinitrobenzene ig used as adsorptive 
material. With the right conditions, a red zone is 
formed at the top of the column, a yellow zone blend. 
ing smoothly into the red in the middle, and a colour 
less zone at the bottom. Hydrocarbons contained in 
the different zones can be collected separately. Such 
visual indication of specific types of hydrocarbons 
in the column admits of their separation and converts 
what has been previously a ‘blind’ adsorption into 
a serviceable chromatography. 

Adopting this principle, it is possible now to isolate 
four fractions which contain different classes of 
compounds: (1) A fraction containing hydrocarbons 
from the colourless zone, which are practically non- 
adsorbed by silica-gel. Their characteristic feature 
is that they do not change the colour of ailica-gel 
containing the indicator. This fraction is water-white. 
When the chromatogram is properly developed, 
hydrocarbons of this type may be estimated quant- 
itatively, reproducibility of results being good. 
2) A fraction containing hydrocarbons which change 
the colour of silica-gel containing trinitrobenzene to 
yellow and deep orange, brown or red. They 
can be eluted from the column by n-hexane, used in 
large excess. They are colourless or yellow. (3) A 
fraction consisting of hydrocarbons which can only 
be eluted with difficulty by n-hexane, but easily 
by the use of benzene. These hydrocarbons react 
readily with trinitrobenzene or trinitrophenol de- 
posited on silica-gel, giving intensely coloured 
addition compounds. The colour of this fraction varies 
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from yellow to red or deep brown; specific gravity is 
about 1. (4) A fraction which can be eluted by methyl- 
ethy!-ketone, which dissolves in most cases the rest 
of the adsorbed material from silica-gel. At normal 
temperature it is a solid substance of dark colour. 

As might be expected from the usual relationship 
of adsorbability to molecular structure, the first 
fraction contains saturated hydrocarbons, the second 
fraction seems to contain partially hydrogenated 
aromatic rings, the third aromatics and the fourth 
resinous bodies. It must be borne in mind that 
| hydrocarbons contained in the first fraction represent, 
according to the present state of the chemistry of 
i} lubricating oils, the most valuable part, consisting 
'of lubricants of high quality. On the other hand, 
constituents contained in the third and fourth frac- 
tion belong to those compounds the removal of which 
is the main aim of commercial raffination processes 
(like solvent extraction or sulphuric acid treatment): 
My method thus permits of the quantitative estima- 
tion of both the most valuable and of the undesirable 
constituents contained in different lubricating oils. 

The intermediate second fraction can be easily 
subdivided by the use of different indicators into 
many fractions, some of which presumably may be 
incorporated as valuable constituents into commercial 
lubricating oils. 

This new analytical method may also be applied to 
distillates and residues, solvent extraction products, 
commercial lubricating oils and so on. It has evident 
value for many other purposes, as, for example, de- 
termining the efficiency of commercial and laboratory 
refining processes. It may be alsa easily applied for 
the rapid testing of the purity of some other hydro- 
earbons, such as those obtained from coal tar. 

Apart from its technical significance, this method 
represents an important approach towards the sep- 
aration and characterization of lubricating hydro- 
carbons according to chemical groups. In com- 
bination with distillation and fractional precipitation 
(for example, by the use of light hydrocarbons‘) this 
method provides much sharper separation of very 
complicated lubricating hydrocarbon mixtures than 
has been possible up to now. 

The work is being continued, and full technical 
details will be published later. 

I am greatly indebted to Prof. R. J. Sarjant and 
Dr. W. A. Kirkby for their interest and encourage- 
ment. 





MARIAN GODLEWICZ 

Department of Fuel Technology, 

University of Sheffield. 

May 4. 

* Godlewiez, M., Przemysl Chemiczny, 18, 376 (1934). 
* Indust. and Eng. Chem., 39, 1585 (1947). 
* Amer, Soc. Test. Mat., Standards on Petroleum Products, 469 (1948). 
‘J. Inst. Petrol., 27, 94 (1941). 
* Fuel Abstracts, 4, No. 1 (July 1948), Nos. 742, 742, 744. 
* Petroleum Z., 34, No. 8, 1 (1938). 


Response of Plasmodium berghei to Anti- 
malarial Drugs 


THE discovery of Plasmodium berghei by Vincke 
and Lips' has provided a valuable new strain of 
malaria for the laboratory trials of chemotherapeutic 
drugs. We are grateful to Prof. H. E. Shortt for 
presenting us with a strain of this organism, which 
we have used for the investigation of the series of 
2: 4-diaminopyrimidines described by Falco et al.*. 
One of the compounds, 2:4 diamino-5-p-chloro- 
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phenoxy-6-methyl pyrimidine (48-210), was assayed 
simultaneously against P. gallinaceum in chicks and 
P. berghei in mice at the same dose-levels. The chick 
test was performed by the method of Curd, Davey 
and Rose*, and the mouse test by a similar procedure. 
The mice were inoculated intraperitoneally with a 
suspension of infected blood in heparinized saline. 
Each mouse received about five million parasitized 
erythrocytes. Six doses of drug were given by 
stomach tube, night and morning, for the following 
three days. Blood smears were prepared on the 
fifth and seventh days of the disease, and the per- 
centage of parasitized cells determined for each 
mouse. 


r ee ee | 








Quinine equivalent | 
Drug | : } 1 

P. gallinaceum P. berghei 
48-210 | 4°3 4°7 
‘Mepacrine 20 | 78 
‘Pamaquin 18 2 
Chloroquin 13 13 
*Paludrine’ 12 46 


The results, using a set of standard antimalaria 
for comparison, are summarized in the accompanying 
table, and show that although the quinine equivalents 
of 48-210 and ‘Chloroquine’ ~re about equal upon 
the two species of Plasmvavum, the figures for 
‘Pamaquin’, ‘Mepacrine’ and ‘Paludrine’ are very 
different. The most striking difference is shown by 
‘Pamaquin’ and ‘Mepacrine’, the relative activities 
of which are reversed ; the low activity of ‘Pamaquin’ 
against P. berghei has been confirmed in further experi- 
ments. These variations may perhaps be explained 
by differences in the rate of absorption and excretion 
of the drugs in mice and chicks, or by differences in 
the susceptibility of the parasites. 

Exoerythrocytic forms of P. berghei have not as yet 
been described, but it is likely that they exist, and 
may also differ from those of P. gallinaceum in their 


susceptibility to drugs. 
L. G. Goopwrx 


Wellcome Laboratories of Tropical Medicine, 
183 Euston Road, 
London, N.W.1. 
Aug. 17. 
' Vincke, I. H., and Lips, M., Ann. Soc. Belge Med. Trop., 28, 97 
(1948). 
* Falco, E. A., Hitchings, G 
Nature, 164, 107 (1949). 
* Curd, F. H. S.. Davey, D. G., and Rose, F. L., Ann. Trop. Med. 
Parasitol., 39, 139 (1945). 


. H., Russell, P. B., and VanderWerff, H., 


Melanin Solubility in Tissue Sections 


QUANTITATIVE estimations of staining reactions 
and histochemical observations on melanomas are not 
readily made because cellular detail is often obscured 
by melanin granules. One of the most promising 
solvents for melanin is ethylene chlorohydrin’. This 
solvent, and others mentioned by Mason* (alcohol, 
pyridine and water), are said to be satisfactory only 
after melanin has been se ted from its protein 
component. Neither ethylene chlorohydrin nor any 
of the other solvents removed melanin from tissue 
sections in the following experiments. Tissue blocks 
from a malignant melanoma and from negro skin 
were fixed in a variety of fixatives and were dehy- 
drated and embedded in paraffin. Sections were 
treated with ethylene chlorohydrin (Eastman Kodak) 
and with pyridine, at 22° and at 60°C., for periods 
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from fifteen minutes to twenty-four hours. No 
diminution in the amount of melanin was observed 
in any of the sections. Frozen sections of unfixed 
negro skin were prepared by the Adamstone—Taylor 
technique* and immersed without fixation or other 
pre-treatment in pyridine and ethylene chlorohydrin. 
The structure and staining reactions of the sections 
were markedly altered, as they were in those sections 
heated to 60° (above), but there was no decrease in 
the amount of melanin. 
Epe@ar B. Tarr 
(Fellow, National Research Council) 
University of Kansas, 
Medical Center, 
Kansas City 3, Kansas. 
July 26. 


* Lea, A. J., Nature, 156, 478 (1945). 
* Biology of Melanomas, Pub. N.Y. Acad. Sci., 4, 399 (1948). 
* Adamstone, F. B., aad Taylor, A. B., Stain Technol., 23, 109 (1948). 


Cytochrome ¢ Modified by Digestion 
with Pepsin 

ALTHOUGH much attention has been given to the 
importance of prosthetic groups of certain enzymes 
for their activity, the part played by the protein 
portion of the molecule is still little understood. For 
example, how far a modification in the protein portion 
of an enzyme molecule without affecting its prosthetic 
group would be reflected in its enzymic and other 
properties is scarcely known. For the study of this 
problem the extremely stable protein cytochrome ¢ 
seems most suitable. In the following experiments, 
cytochrome ¢ was modified by splitting off 4 great 
part of the protein portion of ite molecule with pep- 
sin. The resulting substance was then isolated and 
studied. 

Cytochrome ¢, containing 0-34 per cent iron, was 
prepared by the method of Keilin and Hartree’. 
Pepsin, crystallized from Hopkin and Williams's pepsin 
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by the method of Northrop’, had an activity’ of 
0-29 hemoglobin unit per mgm. nitrogen. 

By digestion of 1 per cent cytochrome c solution 
with pepsin (0-15 unit per gm. of cytochrome c), a 
pH 1-5 and 24° C. for 20 hr., a modified cytochrome: 
was obtained which wae purified by fractionation 
with ammonium sulphate, and repeated precipitation 
in a dialysing sac against 0-01 M phthalate buffer 
pH 5, at which pH the solubility of modified cyto- 
chrome c is at a minimum. The final preparation with 
an iron content of 2-21 per cent resisted further 
attempts at fractionation. Assuming one iron atom 
per molecule, the molecular weight would be about 
2,500. 

The absorption spectrum of modified ferrocyt 
chrome c was identical with that of ozdinary ferro. 
cytochrome ¢ in the visible region, including the y-band 
at 417 mu, whereas the absorption spectrum of moii- 
fied ferricytochrome c resembled most closely that 
of type IV of ordinary ferricytochrome ¢ described 
by Theorell and Akesson‘, being almost identical 
between 400 and 600 mu, but considerably different 
in the ultra-violet region (Fig. 1). It contained nm 
grouping or groupings that would combine with 
hematin in N sodium hydroxide to give a hxmo- 
chromogen even after being heated for 5 min. at 
95° C. It was sutoxidizable, combined with hydrogen 
cyanide and nitric oxide in both the ferric and ferrous 
state and with carbon monoxide, methyl] isocyanide 
and nitrosobenzene in the ferrous state. The absorp- 
tion spectra of the carbon monoxide and hydrogen 
cyanide compounds with modified ferrocytochrome ¢ 
are shown in Fig. 2. It was inactive in both the 
cytochrome oxidase system with p-phenylene diamine 
as substrate and in the succinic oxidase system. 
However, it strongly catalysed the oxidation 0! 
aseorbic acid, with the reduction of oxygen to hydro: 
gen peroxide and evolution of carbon dioxide. 
Hydrogen peroxide thus produced could be demon- 
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strated by a coupled oxidation of alcohol in the 
presence of catalase’. As an artificial ascorbic oxidase 
it had @ Qos (ul. oxygen per mgm. dry weight per hr.) 
at pH 7-2 and 39°C. of about 10,000. Hydrogen 
cyanide inhibited this catalysed oxidation of ascorbic 
acid by combining with modified ferricytochrome c, 
thus preventing its reduction, while carbon monoxide, 
by combining with modified ferrocytochrome c, 
prevented its oxidation. The carbon monoxide 
inhibition was somewhat light-sensitive. This reaction 
was also inhibited by methyl] isocyanide and nitroso- 
benzene. Modified cytochrome c also catalysed the 
decomposition of hydrogen peroxide, being itself 
destroyed in this reaction. Cyanide inhibited this 
catalysed decomposition of hydrogen peroxide. 

The result of this experiment agrees with an 
observation of Keilin and Hartree* that when cyto- 
chrome c is made autoxidizable it loses its catalytical 
activity in biological systems. 

I wish to thank Prof. D. Keilin for his interest in 
this work and advice, and Dr. E. C. Slater for reading 
the manuscript. 

Cc. L. Tsou 
Molteno Institute, 
University of Cambridge. 
July 29. 


' Keilin, D., and Hartree, E. F., Biochem. J., 39, 289 (1945). 

* Northrop, J. H., J. Gen. Physiol., 30, 177 (1946). 

* Anson, M. L., J. Gen. Physiol., 22, 79 (1938). 

‘ Theorell, H., and Akesson, A., J. Amer. Chem. Soc., 60, 1812 (1941). 
* Kellin, D., and Hartree, E. F., Proc. Roy. Soc., B, 119, 141 (1935). 

* Keilin, D., and Hartree, E. F., Proc. Roy. Soc., B, 128, 277 (1940). 


Estimation of ‘Hetrazan’ in Body Fluids 


THE estimation of ‘Hetrazan’ (1-diethylcarbamy]- 
4-methyl piperazine hydrochloride), which has been 
recently introduced for the treatment of human 
filariasis due to Wiichereria bancrofti!, may be carried 
out by a ‘dye-laking’ method, similar in principle to 
the methods developed for organic bases by Brodie 
and Udenfriend*. 

Blood serum or plasma, or other body fluid, is 
made strongly alkaline with one-fifth of its volume of 
10 N sodium hydroxide and extracted with two to 
three times its volume of ethylene dichloride. The 
ethylene dichloride layer is separaved by centrifuga- 
tion and clarified by passage through a small What- 
man No. 41 filter paper. It is then shaken for a few 
minutes with one-fifth of its volume (more may be 
required for urine) of 0-05 per cent Bromthymol blue 
solution. This solution is made in phosphate buffer 
at pH 7-0. Part of the Bromthymol blue combines 
with the ‘Hetrazan’ base and dissolves in the ethylene 
dichloride, giving a yellow colour. The intensity of 
this colour is then compared with that of a standard 
solution of ‘Hetrazan’ carried through the same 
procedure. 

Where the concentration of ‘Hetrazan’ is low (less 
than 1 ugm./ml.) the colour is too pale for accurate 
colorimetry. If a micro-colorimeter is available, a 
measured volume of the ethylene dichloride is 
extracted into 2 ml. of N sodium hydroxide and the 
resulting blue colour compared with a standard 
solution. Alternatively, a blue colour may be de- 
veloped in the ethylene dichloride by addition of 
0-1 N alcoholic caustic potash and sufficient ethanol 
to prevent turbidity. 

If whole blood is extracted, or the proteins re- 
moved by trichloracetic acid, normal bloods give a 
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blank value of about 1 ugm./ml, Further, trichlor- 
acetic acid precipitation removes about 20 per cent 
of added ‘Hetrazan’. Therefore, although it. may 
be more tedious, it is preferable to extract serum or 
plasma. 

Urines show a blank value of about 5 ugm./ml., 
but occasionally, in concentrated urines, the blank 
may reach 20 ygm./mi. 

The method is sufficiently sensitive to measure a 
blood concentration of ‘Hetrazan’ of 1 uygm./ml. Like 
most of these methods, it lacks specificity, but has 
been found useful in following the concentration in 
blood and urine after oral administration of the drug. 

A full account of the results of these experiments 
will be published later. Typically, ingestion of 
10 mgm./kgm. body-weight of the hydrochloride 
results in a maximum plasma concentration of about 
5-7 ugm./ml., reached in three hours. The level falls 
slowly to zero in 24 hours, during which period about 
20 per cent of the drug is excreted in the urine. A 
further small amount is excreted during the next: 
24 hours, after which no more ‘Hetrazan’ can be. 
detected. 

M. LuBRan 

West Middlesex Hospital, 

Isleworth, Middlesex. 
Aug. 11. 
* Santiago-Stevenson, D., et al., J. Amer. Med. Assoc., 185, 708(1947). 
* Brodie, B. B., and Udenfriend, 8., J. Biol. Chem., 158, 705 (1945). 


Mass Therapy with ‘Hetrazan’ as a Control 
Measure for Bancroftian Filariasis on 
St. Croix, American Virgin Islands 


In the spring of 1948 a mass treatment programme 
with ‘Hetrazan’ was conducted on the island of St. 
Croix, with the object of reducing microfilaremia 
in persons infected with Wiichereria bancrofti to sub- 
infective levels for mosquitoes. A survey of 977 
people of all age groups revealed an infection-rate 
of 15-9 per cent, using 60 c.mm. blood samples. After 
preliminary observations were made on a group of 
known positives treated with varying oral doses of 
‘Hetrazan’, the dosage selected for island-wide therapy 
was 100 mgm. tablets for adults and 53 mgm. tablets 
for children more than five years of age, administered 
three times daily for seven days. Before distributing 
tablets, the programme was explained to civic leaders, 
school teachers, and in general to all inhabitants of 
the island, through press notices, handbills and 
individual and collective talks with the people. 
Systematic distribution of the ‘Hetrazan’ was then 
carried out on an island-wide basis, first within the 
schools, and then in the towns, villages and rural 
communities. During a three-week period, 7,781 
individual treatment units were distributed, and 
before leaving St. Croix 2,520 units were left at the 
two hospitals. The population of St. Croix is between 
12,000 and 14,000. Supervised treatment, under the 
control of teachers, was carried out in all schools ; 
children under school-age were not supplied with 
tablets. With the exception of one group of adults 
in a home for the aged, all adults were trusted to 
take their tablets as directed without supervision. 

Upon returning to St. Croix approximately one 
year later (June 1949) as many of the control group 
as could be found were examined for microfilarix, 
and re-surveys were made in six selected communities. 
Of 65 control patients examined, 82 per cent were 
negative for microfilarie, and a reduction of 98 per 
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cent in total microfilaremia was found. Out of a total 
of 471 persons examined from six communities, 6-7 
were positive for microfilarie, a reduction of approx- 
imately 60 per cent over the 1948 findings in the 
same areas. Of even greater significance is the fact 
that no microfilarial counts greater than 14 per 
60 c.mm. of blood were found, and 88-7 per cent of 
the positives showed counts of ten or less micro- 
filaris per 60 c.mm. Counts within this range are 
considered non-infective for mosquitoes. In contrast, 
counts as high as 360 microfilaria per 60 c.mm. were 
found in the pre-treatment survey, and the number 
of positives showing ten or less microfilarie per 
60 c.mm. was 27-1 per cent. 

We consider this an effective demonstration of the 
potentialities of mass therapy with ‘Hetrazan’ for 
reducing drastically the chances of mosquity in- 
fections in closely circumscribed endemic areas for 
Bancroftian filariasis. The systemic reactions en- 
countered in this treatment programme were mild 
and of short duration, and but a small proportion 
of the population reported fever, malaise, headache 
or localized reactions of allergic nature which some- 
times accompany treatment with this compound. 
These are thought to be brought about by a release 
of filarial protein when worms are killed. Persons 
not harbouring filarize rarely complained of symptoms 
at the prescribed dosage. 

Although it is known that all inhabitants of the 
island did not take ‘Hetrazan’, and many probably 
fell short of the full course of treatment prescribed, 
the mass application of this chemotherapeutic method 
of attack against Bancroftian filariasis has been 
shown to be practical and effectual. A more detailed 
report of the methods used and results obtained is 


now being prepared. 
Repemat Hewitt 


Lederle Laboratories Division, 
American Cyanamid Company, 
Pear! River, New York. 
July 28. 


Assay of the Nutritive Value of a Protein by 
its Effect on Liver Cytoplasm 


Tue fact that the cytoplasm content of the liver 
cell is determined by the quality and quantity of the 
dietary protein has recently been utilized for the 
assay of the nutritive value of a protein’. A measure 
of the cytoplasm content of the liver cell was obtained 
by estimating either non-glycogen non-lipid liver 
solids or liver protein per 100 gm. body-weight in 
female rats. It was then suggested that the vari- 
ability of the method might be reduced by referring 
the amount of liver protein not to 100 gm. body- 
weight but to liver deoxyribonucleic acid, the only 
constituent of the liver which appears to be inde- 
pendent of variations in dietary protein’. The 
possibility of using male instead of female rats was 
also considered. 

The statistical examination of the results obtained 
on 44 male and 41 female rats led to the fo.owing 
conclusions. The replacement of the ratio mgm. 
liver protein/100 gm. initial body-weight (I): by the 
ratio mgm. liver protein/mgm. deoxyribonucleic acid 
phosphorus (II) does not improve the precision of 
the method. First, ratio II is not better correlated 
with dietary protein nitrogen intake than is ratio I. 
Secondly, in male rats, ratio II, but not ratio I, 
increases with rising body-weight, independently of 
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dietary protein intake*. Finally, the determins:ion 
of ratio II is considerably more difficult and time. 
consuming than that of ratio I. 

It has been confirmed that both ratios I and*]] 
vary directly with the logarithms of dietary c.soin 
nitrogen intake (mgm./100 gm. initial body-weig!: /24 
hr.) when casein nitrogen intakes between 36 mum. 
and 480 mgm. are taken into consideration. If, |iow. 
ever, the higher intakes are excluded and the re. 
gressions are calculated for casein nitrogen intakes 
between 0 and 190 mgm. casein nitrogen, the rela. 
tionship between the two ratios and the casein nitro. 
gen intake is better represented linearly. 

So far as the selection of the most suitable method 
for the assay of the nutritive value of a protein by 
its effect on liver cytoplasm is concerned, the follow. 
ing points should be taken into consideration. 
(1) The regression coefficients are smaller for female 
than for male rats, which latter are therefore more 
sensitive to variations in dietary protein intake’, 
(2) A dietary protein intake of more than 200 mgm. 
casein nitrogen/100 gm. body-weight /24 hr., or 
correspondingly higher intakes of protein of lower 
nutritive value, is very often not practicable. In 
such instances it would be advantageous to use the 
‘common zero 5-point’ design introduced by Wood? 
for assays in which the response is linearly related 
to the dose. (3) Although small variations in body. 
weight have no significant effect on the regression of 
liver protein/100 gm. body-weight on dietary protein 
nitrogen intake, the rats should be selected at random 
with regard to their body-weight and the effect 
tested. With increasing body-weight, the ratio liver 
protein/100 gm. body-weight decreases more rapidly 
in female than in male rats. (4) Total liver nitrogen 
can probably replace true liver protein, since the non- 
protein nitrogen is a relatively small fraction of total 
nitrogen. The determination of total nitrogen 
would be more rapid than that of true liver protein 
or of non-glycogen non-lipid liver solids*. 

Rosa M. CAMPBELL 
(Carnegie Senior Scholar) 
H. W. Kosrerurrz 
Physiology Department, 
University of Aberdeen. 
Aug. 8. 
* Kosterlitz, H. W., and Campbell, R. M. Nature, 157, 628 (1946). 

Campbell, B. M., and Kosterlitz, H. W., J. Physiol, 107, 383 
* Campbell, R. M., and Kosterlitz, H. W., J. Endocrinol. (in the press) 
* Wood, E. C., Analyst, 71, 1 (1946). 

* Kosterlitz, H. W., J. Physiol., 106, 194 (1947). 


Cultivation of Rabbit E and Cumull for 
Phase-Contrast Microscopy 

PHASE-CONTRAST microscopy has been used to 
study cultures of chick embryonic tissue’ and mouse 
spleen’, but not, hitherto, for observing cultures of 
mammalian eggs. The methods described by Pincus’ 
and Chang‘ for cultivation of rabbit eggs are not 
designed for phase microscopy, and histological pro- 
cedures are required to show the nuclei. Austin and 
Smiles* demonstrated the value of the phase-contrast 
microscope in a study of rat eggs freshly recovered 
from the Fallopian tubes; nuclei could be seen in 
the intact eggs, and much more clearly after they 
had been somewhat flattened between slide and 
coverslip. 

A technique has been devised for culturing rabbit 
eggs for repeated observation by phase-contrast 
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microscopy. An aluminium spacing ring 0-5 mm. 
thick is sealed on to a slide with a ‘Vaseline’ 
mixture. A drop of Simms’s solution* is placed in the 
entre of the ring. The slide is inverted over a circular 
coverslip on which a single egg has been mounted 
in a drop consisting of equal parts of rabbit plasma or 
serum and rabbit embryo extract. When the drops 
have met, leaving a surrounding air space, the slide 
is turned over and the coverslip sealed on to the ring, 
to which it corresponds exactly in diameter. The 
slides, coverslips, rings and instruments used are 
sterile. The media contain 0-02 per cent strepto- 
mycin, @ coneentration which prevents bacterial 
growth in the cultures even when manipulations are 
carried out on the open bench of an ordinary lab- 
oratory and aseptic technique is not followed in 
operating on the rabbits. 

In preparations of this kind, the eggs could be 
examined with the 8-mm. and 4-mm. objectives, with 
which the nuclei were clearly seen even when there 
were as many as four blastomeres. 28 out of 29 uni- 
cellular fertilized eggs obtained from mated rabbits 
divided normally, reaching four to eight cells within 
twenty-four hours, but without being subcultured 
only six became morule within forty-eight hours. 
47 out of 76 unicellular infertile eggs obtained from 
virgin rabbits divided under the same conditions’, a 
few of which, as with other culture methods, were 
indistinguishable from segmenting fertilized eggs at 
the two-cell stage. The cumulus cells surrounding 
the infertile eggs grew vigorously, spreading them- 
selves in @ thin layer over the coverslip. Infertile 
eggs which had been incubated with scrapings of 
mucosa from the Fallopian tube for two hours or 
more prior to cultivation divided much less freely, 
and the cumulus cells usually became detached from 
the zona and failed to grow ; fertile eggs, on the other 
hand, were unaffected by this treatment. Fertile and 
infertile eggs which had been vitrified at — 76° for 
2 min. or 2 hr. and afterwards thawed at 40° C. before 
cultivation failed to segment. In several cultures 
so treated a few cumulus cells survived and grew. 

The spacing ring used for the culture chamber 
described above was necessary to accommodate the 
egg, but it precluded the use of the 1-8-mm. objective. 
Experiments on the cultivation of cumulus alone 
showed that good growth could be maintained for 
48-96 hr. or even a week in a minimum quantity of 
medium sealed between slide and coverslip without 
& spacing ring or an air space. 

The advantages of this method were that the cells 
spread in a very thin layer on the coverslip, and 
the 1-8-mm. objective could be used to study mito- 
chondria and other structures in the cytoplasm and 
nucleus. Moreover, each cell in the culture could be 
examined separately. Whole cumuli were vitrified 
at — 79°C. for 2 min., 4 hr. and 20 hr. They were 
afterwards thawed at + 40° C. and divided each into 
several pieces which were cultivated by this method. 
In all three series small numbers of cells survived 
vitrification and spread on the coverslip among the 
dead cells. 

A. U. Smrrx 
National Institute for Medical Research, 
Hampstead, N.W.3. 
Aug. 5. 
‘ Hughes, A. F., and Swann, M. M., J. Bap. Biol., 25, 45 (1948). 
* Nature, 163, 131 (1949). 
’ Pincus, G., Proc. Roy. Soe., B, 107, 155 (1930-31). 
‘Chang, M. C., J. Gen. Physiol., 88, 201 (1949). 
* Austin, C. R., and Smiles, J., J. Roy. Mic. Soc., 68, 13 (1948). 
* ‘anders, H. S., and Simms, M., Arch. Path., 88, 619 (1942). 
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Growth-Cycle of Influenza Virus 

Foxton has criticized' my work on the growth- 
cycle of influenza virus*; he appears to have con- 
firmed the main facts, but is reluctant to accept the 
conclusions. The essential facts are these. 

(1) Extracts of tissue infected with influenza virus 
contain two particles, the red-cell agglutinating 
elementary body and a smaller particle, the soluble 
antigen, which does not agglutinate red cells. Both 
particles react in complement-fixation tests, but 
while the elementary body shows partial strain- 
specificity, the soluble antigen is quite non-specific. 

(2) The soluble antigen is essentially intracellular. 
Thus in eggs infected with influenza virus, the soluble 
antigen is detectable in large amounts in the cells of 
the chorio-allantoic membrane, but only appears in 
the allantoic fluid very late in the course of incuba- 
tion, when cell destruction is occurring. 

(3) In the early stage of growth, the red-cell 
agglutinating elementary body cannot be demon- 
strated in the infected cell. When a large dose of 
virus is introduced into the allantoic sac, some 
600-700 red-cell agglutinating units are taken up 
by the cells of the chorio-allantoic membrane. This 
virus rapidly disappears, and within one hour none 
can be demonstrated in the membrane, although an 
amount as small as four units could be detected. 
Elementary bodies do not reappear in the membrane 
until about four hours after inoculation. However, 
between two and four hours, soluble antigen can be 
detected in the membrane and is found to be rapidly 
increasing in amount. At four hours, the rate of in- 
crease falls off, and this coincides with the appearance 
of elementary bodies, suggesting that these may be de- 
rived from the preformed soluble antigen. The element- 
ary bodies are later excreted into the allantoic fluid. 

With these facts in mind, I advanced the theory 
that when influenza virus elementary bodies enter a 
cell, they become converted into an intracellular 
phase which is probably identical with the soluble 
antigen. Multiplication of the virus occurs in this 
intracellular phase, and when a sufficient concentra- 
tion is attained the soluble antigen particles aggre- 
gate to form elementary bodies which are then ex- 
creted. This theory may be revolutionary, but does 
explain the observed facts. Fulton suggests that the 
elementary bodies and soluble antigen are really pro- 
duced simultaneously, but that the former is in some 
way not ‘available’ to agglutinate red cells and is 
therefore not detected. I think it is more logical 
to accept the observed facts as they stand, and would 
suggest that Fulton’s ‘unavailable’ elementary bodies 
are simply not there. 

Fulton also suggests that the compiement-fixing 
antigen present in membrane extracts at four hours 
is a mixture of specific and non-specific elements, that 
is, that it does not consist solely of soluble antigen. 
However, his Table 2 shows that a four-hour PR8 
membrane extract fixed thirteen units of complemeiit 
with PR8 serum, and thirteen units with Barratt 
serum. In other words, the antigen titre was the 
same when titrated with either homologous or hetero- 
logous serum. The antigen was therefore completely 
non-specific. The fact that the ‘area of fixation’ was 
greater with PR8 than with Barratt serum is obviously 
due to the fact that the former serum had a greater 
content of non-specific antibody, and therefore re- 
acted to a higher titre against soluble antigen. The 
error is an example of the difficulty of interpreting 
the very complicated complement fixation method 
used by Fulton. Fulton concludes his letter with 
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the statement that “it is not necessary to assume that 

the soluble antigen in a highly dispersed form ever 

gets into the allantoic cavity in sufficient amount to 

be demonstrable”’. This ignores all previous work on 

the components of infected allantoic fluid, in which 

the presence of such soluble antigen has been re- 

peatedly demonstrated*.*§. 

L. Hoye 
Public Health Laboratory, 

General Hospital, Northampton. 

* Fulton, F., Nature, 164, 189 (1949), 

* Hoyle, L., Brit. J. Exp. Path., 29, 390 (1948) 

* Friedewald, W. F., and Pickels, E. G., J. Bact., 79, 301 (1944). 

* Henle, W., Henle, G., Groupe, V., and Chambers, L. A., J. Immunol., 


48, 163 (1944) 
* Wiener, M., Henle, W., and Henle, G., J. Exp. Med., 83, 259 (1946). 


Pregnancy Test using Male Toads 

Srartinc in November 1948, a series of tests' for 
pregnancy were performed using the native male 
toad, Bufo melanostictus Schneid. Specimens of urine 
from women pregnant from six weeks to seven months 
were used. In each series, two or more experimental 
toads were used. Controls in each series were injected 
with urine from a woman known not to be pregnant. 

5-0 oc.c. of urine was injected into the dorsal 
lymph-sac of each toad. Three hours later, a few 
drops of urine were obtained from the cloaca by 
means of a pipette and examined. The degree of 
reaction varied somewhat ; in some™cases, clumps of 
spermatozoa were visible as white} flocculent; masses 
even by the naked eye. 

There were some false negatives but no false 
positives, and some toads gave positive reactions 
even with urine from women who were six and seven 
months pregnant. 

A full repert of this work will be published in the 
Burma Researéh Journal. 

Hira Kyaw 


t of Biology, 
pr tid of Rangoon. July 16. 
Narre, 188. fie (1948); Lancet, a5 No. 6537, 
Soy BE. 


Lancet, 258 No. 6546 
» os ‘Pereira ©. G., Nature. 161, 676 (1948). 
nt Milier, 2a Science, 102, 198 (1948). 
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Position of ‘Luxate’ in the Third Linkage 
Group of the House Mouse 


Tse occurrence of a new strain of mice (Mus 
musculus, L.) resembling the extinct souris luxées of 
Rabaud!' has been reported*; these mice show ex- 
tensive abnormalities of the hind limbs, including 
absence of the tibia (hemimelia). The condition was 
found to be due to the presence in homozygous form 
of a single mutant gene which was called ‘luxate’, 
symbol lz. This has been found to be in the linkage 
group designated as the third by Dunn, Griineberg 
and Snell’, chen linked to macrocytic anzmia, W?® ‘. 
The other markers known to be in this group are 
recessive spotting, s, hairlessness, Ar *, and pirouette, 
pi*; s, hr and W® are known to lie in that order’. 

Linkage tests now completed between lz and s 
indicate a recombination fraction of 50-5 + 2-5 per 
cent (standard error); the lz/W* recombination 
fraction is 16-0 + 1-5 per cent. ese establish that 
s and iz are on opposite sides of W* and that lz is there- 
fore now an end marker, the order being s, hr, W®, lz. 

The conclusion that lz lies trans-W with respect 
to # does not rest on a claim that the s/lz recombina- 
tion fraction (50-5 + 2-5 per cent) is greater than 
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that of s/W; the latter has been estimated 1) be 
46-6 + 1-1 per cent* and, therefore, does not «| iffer 
significantly from the former. The establishment of 
the trans-W position of lz rests on the fact that a 
hypothetical cis-W position is incompatible with the 
data on the linkages of hr. 
position, the s/lx recombination fraction would | ave 
to be smaller than that of Ar/W ; this is a necessary 
consequence of the fact that the s/hr recombination 
fraction (8-4 +1-9 per cent)®* is significantly 
smaller than that of &/W®*® (16-0 + 1-5 per — 
The s/iz recombination fraction (50-5 + 2-5 per cen 
in fact, significantly greater than that of hr/W (42 ¥ + 
2-0 per cent)’*; the cis-W position for lz is ther fore 
excluded and the trans-W position must be accepted. 
I wish to thank Prof. C. H. Waddington and Prof. 
R. A. Fisher for their interest in this work ; it was 
aided by funds from the Medical Research Council. 
T. C. Carrer 


December 31, 





University Department of Genetics, 
Institute of Animal Genetics, 
Edinburgh 9. Aug. 3. 

* Rabaud, E., C.R. Soe. Biol., 77, 411 (1914). 


* Carter, T. C., Heredity, 2, 405 (1947) (abstract). 
. eb) C., Griineberg, H., and Snell, G. D., J. Hered., 31, 505 


qa 
* Little, , and Cloudman, A. M., Proc. U.S. Nat. Acad, Sci., 2%, 


535 Cisst): 
* Snell, G. D., Genetics, 16, 42 (1931). 
* Dickie, M. M., and Woolley, G. W., J. Hered., 37, 335 (1948). 
* Gates, W. H., and Pullig, T., Proc. La. Acad. Sei., 9, 57 (1945). 
* Fisher, R. A., Amer. Nat., 80, 568 (1946). 


Higher Technological Education in Great 
Britain 


In the last paragraph of the leading article entitled 
“Training for Research” in Nature of November (9, 
it is stated that “the responsibility for the develop- 
ment of higher technological education has been 
placed on the University Grants Committee’’. 

This statement is incorrect, and may give rise to 
false impressions. The responsibility for the develop- 
ment of higher technological education in England 
and Wales is not placed in the hands of any one 
body. The University Grants Committee is, of course, 
responsible for this duty in university institutions, 
but for the development of higher technological 
education in technical colleges the responsibility lies 
with the Ministry of Education, and through the 
Ministry with the local authorities and other bodies 
which provide these colleges. Within the last few 
years, at the instance of the Ministry of Education, 
Regional Councils for Further Education have been 
set up in different areas of the country to promote 
and co-ordinate technical education in their areas, and 
in connexion with each of the Regional Councils there is 
a Regional Academic Board, charged with the duty of 
developing higher technological education in its area. 

The Ministry of Education has also set up & 
National Advisory Council on Education for Industry 
and Commerce. It is further understood that 6 
Joint Committee of this National Council and the 
University Grants Committee has been set up to 
eonsider problems in higher technological education 
as they affect both universities and technical colleges. 

In Scotland, the Scottish Education Department 
discharges functions corresponding to those of the 
Ministry of Education in England and Wales. 

L. B. Benny 
Municipal College, Portsmouth. 
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FORTHCOMING EVENTS 


Monday, January 2 
STITUTION OF CIVIL a (at Great George Street, London 
BW), at 3 p.m—Mr. C. night: “The Building of Dams” 
Christmas Lecture for tRy 







Tuesday, January 3 

SocreTY OF PUBLIC ANALYSYs a"2_OTHER ANALYTICAL CHEMISTS, 
aysicAL METHODS GROUP (in the Chéniss> Lecture Theatre, 
mperial College of Science and aaa, Imperial Thsissste Road, 
onadon, 8.W.7), at 6 p.m.—D py’ 
INSTITUTION OF ELECTRICAL street Nortu ESTERN CENTRE 
at the Bagnees Club, Albert Square Manchester), at 6.1 at 6.15 ay 
dr. J. E. N. Hooper and Mr. A. A. Kippax : “Radar Ec! from 
recip! tsiton”. 


Tuesday, January 3—Friday, January 6 


Sciences MasTEeRs’ AssoctaTion (at the King’s Buildings, The 
Jniversity, Edinburgh).—Annual Conference. 





Wednesday, January 4 
[NSTITUTE OF WELDING, MANCHESTER AND DISTRICT Eeeees (in 
he Reynolds Hail, College | of Technology, Manchester), at 7 
ry. J. D. Bolckow Lay-out rr Equipment of a aera 
felding Shop”. 


Thursday, January 5 
Hero Ws INSTITUTION OF RADIO ENGINEERS, SCOTTISH SECTION (at 
Berot Watt College, Edinburgh), at 6.45 p.m.—Dr. B. E. Noltingk : 
Ultrasonics”. 


Friday, January 6 
Royal GEOGRAPHICAL SocizeTy (joint meeting with the GEo- 
BRAPHICAL ASSOCIATION and the INSTITUTE OF BRITISH GROGRAPHERS, 
'} | Kensington Gore, London, 8.W.7), at 3 p.m.—Sir Harry Lindsay, 
OK.C.LE. : “Geography and the Museum 
ASLIB (at the Institution of Electrical Engineers, Savoy Place, 
‘ictoria Embankment, London, W.C.2), at 5.30 p.m.—Mr. Robert E. 
jilvey and Mr. L. Moss (or one of his research colleagues): “Forms 
f Questionnaires ; the Effect of es on the Results Obtained” 
{Discussion to be “opened by Dr. D. J. Urquhart). 
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IN DYEING, and a LECTURER IN Puysics—The Principal, 
, Queen Street South, Huddersfield. 

PROVINCIAL ParHoLoaist OF THE DEPARTMENT OF PUBLIC HEALTH, 
Nova Scotia, and FESSOR OF PATHOLOGY AND HEAD OF DEPART- 
MENT at Dalhousie University a Civil Service ee, 
Provincial Building, Hollis Halifax, Nova Scotia, Canada. 

UNIVERSITY GRADUATE (B.Sc. ‘ae with bacteriology, biology, 
botany, physiology or zoology as one of the subjects) IN THE 
DEPARTMENT OF BACTERIOLOGY for work uly =, —_ 
antibiotics, and a UNIVERSITY GRADUATE (B. Se. degree with physi 
logy, zoology or biology as one of the rr ie THE 
re LABORATORY—The Superintendent, Royal Infirmary, 

e 


LECTURER 
Technical Co. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 

University of London: University College Calendar, Session 
~— Pp. lxxxvii+596. (London: Taylor and Francis, TT} 
1 x 

Planning a Visual Education Policy. nena - Lf National — 
mittee for Visual Aids in Education ( a np London ith Recommenda- 
tions for Future Development. mn: Notion —— 
for Visual Aids in Education, isto) 010 

Hy Ley x ,_— — No. A 


Cr cee, Bet Division) ‘Ad. 1 
of London Institute. Rs bport of * the 2 Snaet for the 


Dro as Pp. 8+8 —_— 
(Lo : HLM, Stationery Office, 1949.) yt 

— Reports on the Chettiar saad 1948. vol. 45. 
Pp. 379. (London: 1 


Pp. 54. 


Society for emosh in Plant-Breeding, 1949.) —— 
Freshwater Bio Association. Seventeenth Annual Report 
for the Year ending 3lst March, 1949. . 60. le. 6d. Scientific 
Publication No. 13: A Key to the Bri Fresh- ae eg I 

Water Gastro; , with Notes on their Hang Dr. 

a Pp. 45. (Ambleside: Freshwa Magical Anoscinite : 

1 x 1310 
University of Bristol. Annual and 


of the 
Horticultural ational Fruit and 


Cider - - 

The U A 

Agricultural Research Council. Re Series oe 4 = —_ 
bodies in Sig Disease. B. See 


Station (the 





Studies, 1949.) Fala 

nt of — and Industrial Research. Translated Con- 

ae liste of Russia: ——_ cals. No. 4, September Pp. iv+ 
- siuondon Departanent of Scientific and Industrial = 
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